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Preface to Revised Edition 


I HE INCREASING TENDENCY IN 

recent years for industry to automate both its direct labor and its office 
operations has greatly increased the percentage of indirect labor em¬ 
ployees In order to establish standards on indirect operations that do 
not have regular cyclic occurrence, the analyst must rely on means ot 
developing standards that will give valid results in the least tune More 
emphasis is being placed in industry on work sampling, standard data, 
and fundamental motion times, as a means for establishing standar 
indirect labor operations in preference to stop watch study. The prin¬ 
cipal purpose of this revision of Motion and Time Study is to discuss 
more fully these phases of motion and time study. 

In particular, the revised edition includes more material on work 
sampling, indirect labor standards, curve plotting, and maintenance of 
standards. In addition, sections have been added on creative thinking, 
decision-making techniques, human dimensions, using process charts, 
sound control, visual requirements of work place, memomotion study 
cycle graphic and chronocycle graphic study, motion time analysis, ant 
dimensional motion times. Also, new material is included on leveling 
operator performance. The new edition contains many new line draw¬ 
ings and illustrations to assist the reader in the more technical explana¬ 
tions To give this edition a broader application in methods work, several 
examples have been introduced that are characteristic of process-type 

The suggestions of the many colleges and universities that hav 
adopted the text have materially helped in shaping the revised edition. 
This edition has the same purpose as the first, that is, to provide a 
practical up-to-date college text in the area of methods, time study, an 
wage payment; and to give practicing analysts from both labor and 
management an authentic source of reference material. 

The author wishes to acknowledge in particular, the Procter & 

Gamble Company, the Armstrong Cork Company, and Mr. H. A. Knap- 

i nenberger who have given valuable suggestions. 

> 1 b B. W. Niebel 
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Preface to First Edition 


Tins BOOK HAS BEEN DESIGNED 
as a college text to provide training in the areas of methods, time study, 
and wage payment so that, upon graduation, young engineers, business¬ 
men, and labor leaders may make their respective organizations as pro¬ 
ductive and efficient as possible. Throughout the text, fundamental prin¬ 
ciples, with many practical examples, have been emphasized, so that the 
student will have an appreciation of, and insight into, the techniques 
used by industry in its motion study, micromotion study, time study, and 
wage payment plans. 

Industry, business, and government agencies recognize the necessity 
for continually improving methods which will assure profitable opera¬ 
tion. This means there must be creative thinking. There must be team¬ 
work between management and labor assuring high performance of both 
parties. Only so can this country maintain its leading position in pro¬ 
duction. Because of the increasing competition from foreign markets as 
well as the unparalleled industrial expansion in this country, only the 
most progressive businesses can expect to continue profitable operation. 

This text describes the procedures used in conducting proved methods 
programs that will result in substantial savings in labor and material in 
any type of business. In order to assure full realization of method im¬ 
provements, it is fundamental that output must be accurately determined. 
This book presents accepted and proved techniques of work measure¬ 
ment and outlines the many helpful controls made possible once fair 
time standards have been developed. When properly pursued, even 
greater gains can be achieved through the installation of sound wage in¬ 
centive plans. In this text, the requirements and methods of installation 
of successful wage payment plans are discussed in detail. 

In addition to being a suitable college text for students interested in 
the area of Industrial Engineering, Business Management, Labor Rela¬ 
tions, Industrial Psychology, and other areas concerned with productivity 
and human relations, this book will be of particular interest and benefit 
to business executives, industrialists, and government agency representa¬ 
tives. 

The shop foreman should find the book helpful in establishing a sys¬ 
tematic approach for improving methods within his department. The 
many diversified examples and case histories should provide the necessary 
spark to begin improvement in some area of every enterprise. 

Union officials should find this text helpful in explaining the tech- 
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PREFACE 


niques, principles, philosophies, and economic necessity of method 
changes and work measurement. It is hoped through intelligent use of 
the book that a more closely knit team of management and labor can be 
evolved. 

The author wishes to express his appreciation for the many concerns 
that co-operated extensively in the supplying of examples and illustrations 
used throughout this text. Particular appreciation is extended to the 
Westinghouse Electric Company which provided the background and 
many of the illustrations for the chapters on operation analysis. Also the 
A.C. Spark Plug Division, the General Electric Company, The Eastman 
Kodak Company, Meylan Watch Company, Lafayette Instrument Co., 
the Warner and Swasey Company, National Industrial Conference Board, 
J. D. Woods & Gordon Limited, M.T.M. Association, the Work-Factor 
Company, the National Safety Council, the International Association of 
Machinists, the United States Steel Co., the Sylvania Electric Products 
Company, the Industrial Management Society, the Material Handling In¬ 
stitute, the Methods Engineering Council, the Brown & Sharpe Mfg. Co., 
Black and Webster, Inc., provided helpful and valuable information. 

Especial appreciation is expressed to Dr. C. A. Anderson who offered 
many helpful suggestions in the preparation of the manuscript. Acknowl¬ 
edgement is also made to Professors D. C. Ekey and G. L. Thuering for 
their assistance in editing portions of the manuscript and to Mrs. W. P. 
Henszey and Mrs. Gus Steinmetz who carefully and thoroughly assisted 
in the proof reading. Acknowledgement is also made to Mrs. B. W. Niebel 
who typed the manuscript and provided the incentive that led to its 
completion. 


University Park, Pennsylvania 
April, 1955 


B. W. Niebel 
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CHAPTER 1 


Methods, Time Study, and Wage 
Payment Today 

The Production Function 


Early writers have thought 
of the industrial engineer and the production manager as being responsi¬ 
ble for directing the efforts of those engaged in the location, construction, 
equipping, maintenance, and operation of modern industrial enterprises * 
However, since the termination of World War II, the activities 
of the production group have been for the most part centered in the 
operation of industry. The areas of opportunity existing in the field of 
production for students enrolled in engineering, industrial management 
business administration, industrial psychology, and labor-management 
relations are: (1) methods, (2) time study and wage payment (3) pro¬ 
duction control, and (4) tool design. Other positions, such as personnel 
or industrial relations, cost, and budgeting, are closely related to, and 
dependent on, the production group. 

These opportunities are not confined to manufacturing industries. 
They exist and are equally important in such enterprises and businesses 
as department stores, hotels, hospitals, educational institutions, and any 
other area where the combined effects of men, materials, and facilities 
are used to fulfill an objective. However, it is in the production of goods 
and services that the greatest demand has been made for personnel who 


ed • New York M r Kimball, Jr., Principles of Industrial Organization (6th 

r’, N 7j ok : McG raw . Hl ll Book Co., Inc., 1947); W. R. Spriegel and R. H. Lans- 
burgh, Industrial Management (4th ed.; New York: John Wiley & Sons, Inc., 1947). 

*1 
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have received training in the area of methods, time study, and wage 
payment. 

The production section of an industry may well he called the heart of 
that industry, and once the activity of this section is interrupted, the 
whole industry ceases to he productive. The production department in¬ 
cludes the methods engineering, time study, and wage payment activity, 
which offers the young technical graduate one of the most satisfying 
fields of endeavor. 

It is in the production department that material to produce is requisi¬ 
tioned and controlled; sequence of operations and methods deter¬ 
mined; tools ordered; time values assigned; work scheduled, dispatched, 
and followed up; and customers kept satisfied. Training in this field 
demonstrates how production is accomplished, where it is done, when 
it is performed, and how long it takes to do it. A background including 



A - Selling price largely determined by manufacturing methods. 

B - Time standards are the bases of standard costs. . 

C - Standards (direct and indirect) provide the bases for measuring performance of production departments. 
D - Time is a common denominator for comparing competitive equipment and supplies. 

E - Good labor relations maintained with equitable standards and fair base rates. 

F - Methods and processes strongly influence product designs. 

G - Standards provide the bases for preventative maintenance. 

H - Standards enforce quality. 

I - Scheduling is based on time standards. 

J - Methods and standards provide how the work is to be done and how long it will take. 

FIG. 1-1. Typical organization chart showing the influence of methods, time study, and wage 
payment on the operation of the enterprise. 
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such training will prove invaluable, whether one s ultimate objective is 
in the field of sales, production, or cost. 

If the production department be considered the heart of an industrial 
enterprise, it may be said that the methods , time study , and wage pay¬ 
ment activity is the center of the production group. Here, more than any 
other place, is determined whether a product is going to be produced on 
a competitive basis. Here is where initiative and ingenuity can introduce 
great manufacturing savings through improved methods and tooling. It 
is in this department that good labor relations are maintained through 
establishment of fair labor standards, or may be impeded by setting one 
inequitable rate. 

The work of methods, time study, and wage payment offers a real 
challenge. Industries having competent engineers, business administra¬ 
tors, industrial relations personnel, specially trained supervisors and 
psychologists who are carrying out methods, time study, and wage pay¬ 
ment techniques are inevitably better able to meet competition and bet¬ 
ter equipped to operate profitably. (See Figure 1-1.) 

Scope of Methods Engineering and Time Study 

The field of methods engineering, time study, and wage payment in¬ 
cludes designing, creating, and selecting the best manufacturing meth¬ 
ods, processes, tools, equipment, and skills to manufacture a product 
after working drawings have been released by the product engineering 
section. Also included is the responsibility of determining the time re¬ 
quired to produce the product and then following through to see that 
predetermined time standards are met. 

This procedure includes defining the problem related to expected 
cost, breaking the job down into operations, analyzing each operation so 
as to determine most economical manufacturing procedures for quantity 
involved, applying proper time values, and then following through to as¬ 
sure that the prescribed method is put into operation. 

Methods Engineering 

The terms “operation analysis,” “work simplification,” and “methods 
engineering” are frequently used synonymously. In most cases the per¬ 
son is referring to a technique for increasing the production per unit of 
time and, consequently, reducing the unit cost. Experience has shown 
that to achieve the maximum returns from a methods engineering pro¬ 
gram, a systematic procedure should be followed. The Westinghouse 
Electric Corporation, in its Operation Analysis program, advocates the 
following steps for assurance of most favorable results: 

1. Make a preliminary survey. 

2. Determine extent of analysis justified. 

3. Develop process charts. 

4. Investigate the approaches to operation analysis. 
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5. Make motion study when justified. 

6. Compare the old and the new method. 

7. Present the new method. 

8. Check installation of the new method. 

9. Correct time values. 

10. Follow up the new method. 

Actually, methods engineering includes the procedures of all of these 
ten steps. 

Methods engineering can be defined as the systematic procedure for 
subjecting all direct and indirect operations to close scrutiny so as to 
introduce improvements that will result in making the work easier to 
perform and will allow the work to be done in less time and with less 
investment per unit. 

Time Study 

A close association exists in the function of the time study man and the 
methods engineer. Although their respective objectives differ, a good 
time study man is a good methods engineer, as he will include methods 
engineering as a basic component of his position. Time study is the 
technique of establishing an allowed time standard to perform a given 
task, based upon measurement of work content of the prescribed method, 
with due allowance for fatigue and personal and unavoidable delays. 

In order to be assured that the prescribed method is the best method, 
the time study engineer frequently finds himself in the role of a methods 
engineer. In small industries these two activities are often handled by 
the same individual. 7 

Wage Payment 

The wage payment function, similarly, is closely associated with the 
time study and methods sections of the production activity. In general, 
the wage payment section is responsible for releasing standards of pro¬ 
duction to the factory and maintaining the incentive plans or plan so 
that they function smoothly and efficiently. Because of the nature of an 
enterprise, it may be necessary to have two entirely different wage pay¬ 
ment plans in effect, or even three (daywork, piecework, group incen¬ 
tives ), and the administration of these falls on the wage payment group. 

The function of job evaluation, which is a technique for equitably de¬ 
termining the relative worth of the different work assignments within 
an organization, is usually a responsibility of the wage payment section. 

At this point it might be well to emphasize that production control, 
plant layout, purchasing, cost accounting and control, and process and 
product design are additional areas that are closely related both to the 
methods and the standards functions. All of these provinces depend on 
data, facts, and procedures of operation from the methods and standards 
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department in order to operate effectively. These relationships are briefly 
discussed in Chapter 22. 


TEXT QUESTIONS 

1. What job opportunities exist in the general field of production? 

2. What is the scope of methods engineering? 

3. What activities are considered the key links to the production group within 
a manufacturing enterprise? 

4. What is meant by the terms ‘operation analysis/’ “work simplification,” and 
“methods engineering”? 

5. What steps have the Westinghouse Electric Corporation advocated in order 
to assure real savings during a method improvement program? 

6. What is the function of the time study department? 

7. Is it possible for one enterprise to have more than one type of wage pay¬ 
ment plan? Explain. 


GENERAL QUESTIONS 

1. How do well-organized methods, time study, and wage payment procedures 
benefit the company? 

2. Show the relationship between time study and methods engineering. Explain 
each fully. 

3. Discuss the reasoning behind the statement, “A good time study man is a 
good methods engineer.” 

4. Comment on the general responsibility of the wage payment group. 

5. Why does the purchasing department need data and information from the 
methods, time study, and wage payment department? Give several exam¬ 
ples. 



CHAPTER 2 


Development of Motion and 
Time Study 

The Work of Taylor 


Frederick w. taylor is gen- 
erally conceded to be the father of modern time study in this country. 
However, time studies were conducted in Europe many years before the 
time of Taylor. In 1760, a Frenchman, Perronet, made extensive time 
studies on the manufacture of No. 6 common pins, and arrived at a 
standard of 494 per hour. Sixty years later an English economist, Charles 
Babbage, made time studies on No. 11 common pins, and as a result of 
these studies determined that one pound (5,546 pins) should be pro¬ 
duced in 7.6892 hours. 1 

Taylor began his time study work in 1881 while associated with the 
Midvale Steel Company in Philadelphia. After twelve years’ work, he 
evolved a system which is based upon the "task” idea. Here Taylor pro¬ 
posed that the work of each employee be planned out by the manage¬ 
ment at least one day in advance, and that each man receive complete 
written instructions describing his task in detail and noting the means 
to be used in accomplishing it. Each job was to have a standard time 
which was to be fixed after time studies had been made by experts. 
This time was to be based upon the work possibilities of a first-rate man, 
who, after being instructed, was able to do the work regularly. In the 
timing process Mr. Taylor advocated the breaking of the work assign- 
ment int o small divisions of effort known as "elements.” These were 
1 Charles Babbage, On the Economy of Manufactures, 1832. 

6 
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timed individually, and their collective values were used to determine 
the allowed time of the task. 

In June, 1895, Taylor presented his findings and recommendations at 
a Detroit meeting of the American Society of Mechanical Engineers. 
His paper was received without enthusiasm because many of the engi¬ 
neers present interpreted his findings to be a new piece rate system 
rather than a technique for analyzing work and improving methods. 

The distaste that prevailed in the minds of many of the engineers of 
the time relative to piecework can well be appreciated. Standards were 
established by estimates made by supervisors, and, at best, these were 
far from being accurate or consistent. Both management and employees 
were rightfully skeptical of piece rates based on the foremans guess. 
Management looked upon the rates with doubt, in view of the possibility 
of the foreman making a conservative estimate so as to protect the per¬ 
formance of his department. The worker, because of unfortunate past 
experiences, was concerned over any rate established merely by judg¬ 
ment and guess, since the rate vitally affected his earnings. 

Then in June, 1903, Taylor presented his famous paper, “Shop Man¬ 
agement,” at the Saratoga meeting of the A.S.M.E. in which he gave the 
elements of the mechanism of scientific management as follows: 

Time-study, with the implements and methods for properly making it. 
Functional, or divided, foremanship, with its superiority to the old-fashioned 
single foreman. 

The standardization of all tools and implements used in the plants, and also 
of the acts or movements of workmen for each class of work. 

The desirability of a planning room or department. 

The “exception principle” in management. 

The use of slide-rules and similar time-saving implements. 

Instruction cards for the workman. 

The task idea in management, accompanied by a large bonus for the suc¬ 
cessful performance of the task. 

The “differential rate.” 

Mnemonic systems for classifying manufactured products as well as imple¬ 
ments used in manufacturing. 

A routing system. 

Modern cost system. 

Taylor’s “Shop Management” technique was well received by many 
factory managers, and with modifications had many satisfactory installa¬ 
tions. 2 

At this time many men without the qualifications of Taylor, Barth, 

2 C. Bertrand Thompson in 1917 reported on the record of 113 plants which had 
installed “scientific management.” Of these, 59 were considered to have completely 
successful installations, 20 had partly successful installations, and 34 plants considered 
their installation failures. C. Bertrand Thompson, The Taylor System of Scientific 
Management (Chicago: A. W. Shaw Co.). 
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Merrick, and other early pioneers, but eager to make a name for them¬ 
selves in this new field, established themselves as “Efficiency Experts” 
and endeavored to install scientific management programs in industry. 
Here they encountered a natural resistance to change from employees, 
and since they were not equipped to handle problems of human rela¬ 
tions, they met with great difficulty. Anxious to make a good showing 
and equipped with only a pseudoscientific knowledge, they generally 
established rates that were too difficult to meet. The situation would 
become so acute that management would be obliged to discontinue the 
whole program in order to continue operation. 

In other instances, factory managers would allow the establishment of 
time standards by the foreman, and, as has been pointed out, this sel¬ 
dom was satisfactory. 

Then, too, once standards were established, many factory managers 
of that time, interested primarily in the reduction of labor costs, would 
unscrupulously cut rates once some employee made what the employer 
felt was too much money. The result was harder work at the same take- 
home pay and sometimes less take-home pay; naturally, violent worker 
reaction resulted. 

These developments spread in spite of the many favorable installa¬ 
tions started by Taylor. At the Watertown Arsenal, labor objected to the 
new time study system to such an extent that in 1910 the Interstate 
Commerce Commission started an investigation of time study. Several 
derogatory reports on the subject influenced Congress in 1913 to add a 
rider to the government appropriation bill, stipulating that no part of 
the appropriation should be made available for the pay of any person 
engaged in time study work. This restriction applied to the government- 
operated plants where government funds were used to pay the em¬ 
ployees. 

The Military Establishment Appropriation Act, 1947 (Public Law 515 
79th Congress) and the Navy Department Appropriation Act, 1947 
(Public Law 492, 79th Congress) provide as follows: 

Sec. 2. No part of the appropriation made in this Act shall be available for 
the salary or pay of any officer, manager, superintendent, foreman or other per¬ 
son having charge of the work of any employee of the United States Govern¬ 
ment while making or causing to be made with a stopwatch, or other time¬ 
measuring device, a time study of any job of any such employee between the 
starting and completion thereof, or of the movements of any such employee 
while engaged upon such work; nor shall any part of the appropriation made 
in this Act be available to pay any premiums or bonus or cash reward to any 
employee in addition to his regular wages, except as may be otherwise au¬ 
thorized in this Act. 

Finally, in July, 1947, the House of Representatives passed a bill which 
allows the War Department to use time study, and in 1949, the prohibi- 
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tion against the use of stop watches was dropped from appropriation 
language, and to this date no restriction of time study practice prevails. 

Motion Study 

Frank B. Gilbreth was the founder of the modern motion study tech¬ 
nique which may be defined as the study of body motions used in per¬ 
forming an operation, with thought toward improving the operation 
by eliminating the unnecessary motions, simplifying the necessary mo¬ 
tions, and then establishing the most favorable sequence of motions, so 
that maximum efficiency is realized. 

Frank Gilbreth, with assistance from his wife, Lillian Gilbreth, also 
developed the moving picture technique for studying motions, which 
has carried through many walks of life today. In industry, this technique 
is known as micromotion study, but the study of movements through 
the aid of the slow motion moving picture is by no means confined to in¬ 
dustrial application. The world of sports finds it invaluable as a training 
tool to show development of form and skill. Mrs. Gilbreth still continues 
in motion study work today, and has made in recent years many con¬ 
tributions to work simplification as applied to the home. Her ideas have 
received considerable attention in the design of kitchen ranges, refrigera¬ 
tors, sinks, washing machines, and other household appliances. 

Early Contemporaries 

Carl G. Barth, an associate of F. W. Taylor, developed a production 
slide rule for determining the most efficient combination of speeds and 
feeds for cutting metals of various hardness, giving due consideration to 
depth of cut, size of tool, and life of tool. 

Barth is also noted for the work he did relative to determination of al¬ 
lowances. He made an investigation of the number of foot-pounds of 
work which a man could do in a day. He then developed a rule that for 
a certain push or pull on a man’s arms it is possible for him to be under 
load for a certain percentage of the day. 

Harrington Emerson applied scientific methods to work on the Santa 
Fe Railroad and wrote a book, Twelve Principles of Efficiency, in which 
he made an effort to inform management as to procedures for efficient 
operation. Emerson is widely known for his Emerson Efficiency Gain 
Sharing Wage Payment Plan. His work in the field of wage payment is 
discussed in a later chapter of this text. 

Morris L. Cooke, former director of the Department of Public Works 
in Philadelphia, made an effort to bring the principles of scientific man¬ 
agement into city governments. In 1940, Cooke and Philip Murray, past 
president of the CIO, published a manuscript, Organized Laboi and 
Production,” in which they brought out the fact that both labor and 
management have as their goal “Optimum Productivity. This they de- 
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fined as the highest possible balanced output of goods and services that 
management and labor skills can produce, equitably shared and con¬ 
sistent with a rational conservation of human and physical resources.” 

After Taylor retired, Dwight V. Merrick started a study of unit times* 
and these were published in the American Machinist edited by L P 
Alford. Merrick, with the assistance of Carl Barth, developed a tech¬ 
nique for determining allowances on a rational basis. Merrick is also 
known for his multiple piece rate wage payment plan in which he recom¬ 
mends three graded piece rates. 

Organizations 

From 1911 to the present writing there has been an organized effort 
to keep industry abreast of the latest developments started by Taylor 
and Gilbreth. Technical organizations have contributed much toward 
bringing the science of time study, motion study, work simplification, 
and methods engineering up to present-day standards. 

In 1911 the Conference of Scientific Management, under the leader¬ 
ship of Morris L. Cooke and Harlow S. Persons, was started at Amos 
Tuck School of Dartmouth College. 

In 1912 the Society to Promote the Science of Management was or¬ 
ganized and operated until 1915, when it was renamed the Taylor So- 
ciety. J 

The Society of Industrial Engineers was organized in 1917 by men in- 
terested in production methods. 

The American Management Association was formed in 1922 by groups 
interested in training personnel through so-called “Corporation Training 
Schools.” Today its main purpose is “to advance the understanding of 
the principles, policies, practices, and purposes of modern manage¬ 
ment and of the method of creating and maintaining satisfactory rela¬ 
tions in commerce and industry; to work toward the practical solution of 
current business problems and the development of the science of man¬ 
agement.” Annually the A.M.A. presents the Gantt Memorial Medal for 
the most distinguished contribution to industrial management as a serv¬ 
ice to the community. 

The Society for the Advancement of Management (S.A.M.) was or¬ 
ganized in 1936 by the merging of the Society of Industrial Engineers 
and the Taylor Society. This organization has continued the emphasis 
on the importance of time study and methods and wage payment up to 
the present time. Annually, it offers the “Taylor” key for the outstanding 
contribution to the advancement of the art and science of management 
as conceived by Frederick W. Taylor. Also, the “Gilbreth” medal is 
awarded annually for noteworthy achievement in the field of motion, 
skill, and fatigue study. 

In 1946 the Industrial Incentive award was instituted by S.A.M. The 
desire of the donors is to recognize accomplishment, and to stimulate 
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further endeavor in the field of financial and nonfinancial incentives. 

The American Institute of Industrial Engineers has had a rapid 
growth since its founding at Columbus, Ohio on September 9, 1948. It 
is a national technical society of Industrial Engineers. The purpose of 
the A.I.I.E. is to maintain the practice of industrial engineering on a 
professional level; to foster a high degree of integrity among the mem¬ 
bers of the industrial engineering profession; to encourage and assist 
education and research in areas of interest to the industrial engineer; to 
promote the interchange of ideas and information among members of 
the industrial engineering profession; to serve in the public interest by 
the identification of men qualified to practice as industrial engineers; to 
promote professional registration of industrial engineers. 

Present Trends 

Time and motion study has steadily improved since the 1920’s until 
today it is recognized as a necessary tool for the effective operation of 
business or industry. The practitioner of the art and science of time and 
motion study has come to realize the necessity of taking into considera¬ 
tion the “human element” in his work. No longer is the “cut and dried” 
procedure so characteristic of the “efficiency expert” acceptable. Today, 
consideration, through employee testing and training, is given to the 
fact that individuals differ in their performance potential. Such factors 
as sex, age, health and well-being, physical size and strength, aptitude, 
training, attitudes, and response to motivation have a direct bearing on 
output. Furthermore, the analyst of today recognizes that workers ob¬ 
ject, and rightfully so, to being treated as machines. Workers tend to 
dislike and fear a purely scientific approach to methods, work measure¬ 
ment, and wage incentives. They inherently dislike any change from 
their present way of operation. This psychological reaction is not char¬ 
acteristic of factory workers only but is the normal reaction of all peo¬ 
ple. Management frequently will reject worthwhile methods’ innova¬ 
tions because of their reluctance to change. In fact, in the experience of 
the writer, management has been harder to sell on new ideas than any 
other group within the plant. After all, they are responsible for the ex¬ 
isting method or procedure, and they frequently will defend it regardless 
of the potential savings through change. 

Workers tend to fear methods and time study, for they see that this 
will result in an increase in productivity. To them, this means but one 
thing—less work and consequently less pay. They must be sold on the 
fact that they, as consumers, benefit from lower costs, and that with 
lower costs, broader markets result which means more work for more 
men for more weeks of the year. 

Some fear of time study today is without a doubt due to the unpleas¬ 
ant experiences occurring in the days of the efficiency expert. To many 
workers, motion and time study is synonymous with the “speed up” 
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or the stretch out. These terms denote the use of incentives to spur 
employees to higher levels of output, followed by the establishing of 
the new levels as normal production, thus forcing the workers to still 
greater exertions to maintain even their previous earning power. In years 
past, undoubtedly some short-sighted and unscrupulous managements 
did resort to this practice. 

The practitioner of motion and time study today must use the “hu¬ 
mane” approach. He must be well versed in the study of human be¬ 
havior and be accomplished in the art of communications. He must be 
a good listener at all times, indicating he respects the ideas and thinking 
of others, particularly the man on the bench. He must give credit where 
credit is due. In fact, he should get in the habit of always giving the 
“other fellow” credit, even if there is some question as to the other fellow 
deserving it. 

Regardless of ones technical knowledge and ability, he will have little 
success in motion and time study work unless he is competent in deal¬ 
ing with the human element. 

Motion and time study received added stimulus during World War II 
when Franklin D. Roosevelt, through the Department of Labor, ad¬ 
vocated establishment of standards, from which increases in production 
resulted. On November 11, 1945, Regional War Labor Board III (for 
Pennsylvania, southern New Jersey, Maryland, Delaware, and the Dis¬ 
trict of Columbia) issued a memorandum stating the policy of the War 
Labor Board on incentive proposals. Sections I, II and IV are reproduced 
since they contain matter pertinent to standards and wage incentives. 

I —General Considerations Applicable to All Incentive Proposals 

1. The expected effect of an incentive plan should be an increase in the 
present production per man-hour without increasing the unit labor cost in the 
plant, department, or job affected. 

2. The proposal should not be in effect merely a means of giving a general 
increase in wages, nor should it result in wage decreases. 

3. The plan should offer more pay only for more output. 

4. If a union has bargaining rights for workers affected, the plan in all of its 
details should be collectively bargained. 

5. No incentive wage plan should be proposed as a substitute for carrying 
out the responsibilities of both the management and employees. 

6. No incentive plan should be put into operation, even if the money is held 
rather than advanced to the workers, until the approval of the War Labor 
Board has been secured. 

II Establishing Incentive Rates for a Specific Production Operation 

When incentive rates are proposed for a specific production job or job classi¬ 
fication the following principles apply: 

1. Where feasible the operation should be time studied carefully to set the 
production standard. Results of this time study in as much detail as possible 
should appear in the application. If a time study is impracticable, the applica¬ 
tion should show why. 

2. If a time study is impracticable, the production standard may be based 
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upon records of past production provided: (a) The records for an appropriate 
production period are submitted with the application; (b) The applicant es¬ 
tablishes that the period is representative and that the present product, meth¬ 
ods prospective volume of work, and work force are comparable to those 
existing during the particular period of past production; (c) Exceptionally 
high of low production figures for short periods are satisfactorily explained m 

^^ThTproduction standard should be a quantity of output higher than has 
been attained previously by the average worker or at lea*t 1higher than has 
been attained customarily. If the production standard is below an amount pre¬ 
viously attained at some one or more times, the application should explain fully 
the reasons therefor. 

XV— Plant-wide Incentive Plans 

Because plant-wide incentive plans are comparatively new to American in¬ 
dustry and because the effects of such plans on worker efficiency and produc¬ 
tion are difficult to predict, the Regional Board is not adopting apposition on 
them at this time, but will consider each case on its individual merits. The ge 
eral considerations set forth in I above are applicable here. 

A great number of colleges and universities in their industrial engi¬ 
neering curricula are teaching the principles, techniques, and philoso¬ 
phies of this field. Some labor unions are training their representatives 
in the results and uses of the science. Management of both small and 
large industries are embarking on mass training programs, realizing the 

potentialities of a well-formulated program utilizing this tool 

Since World War II an annual national Time Study and Methods 
Conference has been conducted jointly by S.A.M. and A.S.M.E to keep 
industry abreast of this field and to continue the progress which has 
been so apparent during the past ten years. 

The Industrial Management Society annually presents a Time and 
Motion Study and Management Clinic. Here leaders of government, 
labor, and industry, along with engineers, gather to discuss common 
problems and to increase their knowledge of what is being done m the 
area of methods, standards, and wage payment. 

TEXT QUESTIONS 

1. Where were time studies originally made and who conducted them? 

2. Explain Frederick W. Taylors principle of functional foremanship. 

3 What effect has Congress had on time study? 

4. What is meant by motion study and who is generally conceded to be the 
founder of the motion study technique? 

5. What is Carl G. Barth primarily noted for in the production end of indus- 

6. Which organizations are concerned with advancing the ideas of Taylor and 
the Gilbreths? 

7. Was the skepticism exhibited by management and labor m regard to rates 
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8. What psychological reaction is characteristic of workers when method 
changes are suggested? 

9, Explain the importance of the humanistic approach in methods and time 
study work. 


vjtlMtKAL QUESTIONS 

1. How is time and motion study used in industry today? 

2. Why are labor unions training their representatives in the time and motion 
study technique? 

3 ' have .J 566 " th f latest reci P ien ts of the Industrial Incentive award? 

What contributions have these people made to warrant the award presenta- 

4. Explain the function of the A.M.A. as compared to the A.I.I.E. 

5. Why was the government restriction on the use of stop watches carried 
through the World War II years? 

6. Interview a group of five industrial workers and obtain their opinions as to 
the necessity of motion and time study. 




CHAPTER 3 


The Operation and Flow Process 
Chart 


tvERY CRAFTSMAN HAS HIS 

sfSiSifiillll 

toot° of the methods engineer is the process chart. A process chart ^ de¬ 
fined as a graphic presentation of any manufacturing process, 
ods wok!IneusuaRy uses five different types of process charts, each of 
which has its specific application. These are: 

1. Operation process chart. 

2. Flow process chart. 

3. Man and machine process chart. 

4. Gang process chart. 

5. Operator process chart. 

The operation and flow process charts are used principally to present 
The peratm 1 be lved unless it is pr0 perly presented. 

the problem. A £ charTwill be discussed at this time in preparation 
to^TdiSsion of the problem solving approach of “operation analy¬ 
sis” (Chapters 4 and 5). Man and machine, gang, and operator process 

Ch ¥“„l r XS“ d g»eSrild »«h being *e origin.! de.igne, 

of ^pnrces^ charts, ihougbPuperin.enden,,. »<[ 
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tion m improving a method; however, they must be used with caution 
bemuse considerable time can be consumed in their construction. 

tail jr th 0 f; na,> ? t , mUSt 6XerCiSe J ud S ment as t0 amount of de¬ 
ad he attempts to include on any job. He, more than any one else in die 

factory, must be governed by the law that we never introduce an! 

ange, adjustment, or modification unless it is going to pay for itself 

within a reasonable time. Thus, the methods analyst must know whmt 

is economically wise to construct a process chart or charts and be fully 

co^izant as to the type he should use. The methods analyst must avoid 

g ting the reputation of being “chart happy.” If he spends all of his 

WdTn ' 3 f nStrUCti T ° f Charts ’ he wil] ha ^e no time for creative think- 
ng that leads to actual methods improvement. 

Operation Process Chart 

The operation process chart shows all operations, inspections time 

shn rtf*’ and mat T alS USed “ a "manufacturing process. It clearly 
shows the sequence of events in chronological order from the raw n Z 

enal to the packaging of the finished product. It points out the en- 
, ° f a l com P°nents and subassemblies to the main assembly fast 
as a blueprint gives design details such as fits, tolerances, and spJcifica- 

d.”iif g . “Si” " op " a,lon pr ““ ! d -“ 

folWs : A ' S ' M ‘ E ' Standald definition of an operation process chart is as 


wh^h ssat: 

spections and all operations j se( l uence of m- 

Before we can improve a design, we must first get a blueprint of the 
product as it is presently designed. Likewise, before we ca/improve a 
manufacturing process, it is well to construct an operation process chart 
so that we understand the problem fully and will be able to determine 
what areas afford most possibilities of attack with the thought toward 
improvement The operation process chart effectively states the problein 

and if a problem cannot be stated, it usually cannot be solved. P 

Construction of the Operation Process Chart 

In the construction of the operation process chart, two symbols are 
used: a small circle usually % inch in diameter, denotes an operatic 
andamiall square, % inch on a side, denotes an inspection.^ ’ 

Chart Standard, 1947, with 

39th Street, New York, N.Y. Amencan Society of Mechanical Engineers, 29 West 
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An operation takes place when the part being studied is intentionally 
transformed or when it is being studied or planned prior to performing 
productive work on it. 


O OPERATION 


INSPECTION 


An inspection takes place when the part being studied is being ex¬ 
amined to determine its conformance to standard. 

Before beginning the actual construction of the operation process 
chart, the analyst should identify it with the title placed at the top of the 
paper. Usually, the identifying information, which would include part 
number, drawing number, process description, present or proposed 
method, date, and name of person doing the charting, would be headed 
with the words “Operation Process Chart.” Sometimes additional informa¬ 
tion may be added so as to identify completely the subject being charted. 
This may include such items as chart number, plant, building, and de- 
partment. 

Vertical lines are used to indicate the general flow of the process as 
work is being accomplished, while horizontal lines feeding into the verti¬ 
cal flow lines are used to introduce material, either purchased or upon 
which work has been performed during the process. In general, the opera¬ 
tion process chart should be so constructed that vertical flow lines and 
horizontal material lines do not cross. If for some reason it has become 
necessary to cross a vertical and a horizontal line, conventional practice, 
to show that no juncture occurs, is to draw a small semicircle in the hori¬ 
zontal line at the point where the vertical flow line crosse^ (see Fig- 
ure 3-1). 


FIG. 3-1. Conventional practice to 
show that no Juncture occurs when nec¬ 
essary to cross vertical flow line and 
horizontal material line. 



When starting the actual construction of the operation process chart, 
the analyst first selects the major item of the assembly for charting. This 
usually would be the component on which the greatest number of opera¬ 
tions will be performed. If no disassembly operations occur in the process, 
then the analyst should begin his chart in the upper right-hand corner of 
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the paper. In the event disassembly operations compose part of the proc¬ 
ess it is well to start plotting the major item more to the left and closer 
o he center of the paper. This will allow room for portraying disassem¬ 
bly operations which are shown as other operations, but material is repre- 
sented as flowing from the process by a horizontal material line drawn to 
the right from the vertical flow line. Material introduced to the main 
component of assembly is portrayed by horizontal lines entering the 
vertical flow lines from the left. 6 

Once the component that is to be first charted has been selected, it 
should be identified, as well as the material from which it is produced. 
This is done by drawing a horizontal material fine. Above this line 
should be a brief description of the material, with an indication of the 
quantity required. H a drawing number or specification number ap¬ 
plies, it should be included. In order to identify the part itself, the name 
of the part and its drawing number are shown in capital letters directly 
above the material description (see Figure 3-2) 


J-noa-l DRIVE SHAFT 
72" 7 7/2" DIAM. S-A.E. 7772 


FIG. 3-2. Identification of part in the 
construction of the operation process 
chart. 


a vert * ca ^ ^ 0W ^ ne * s drawn in a downward direction from the 
right-hand end of the horizontal material line. The vertical flow line is 
extended a short distance (about % inch), and then the symbol for the 
farst operation or inspection, as the case may be, is drawn. To the right of 
the symbol is placed a brief but specific description of the event such 
as Drill, Ream, and Chamfer” or "Check O.D. and I.D.” Immediately 
under the operation or inspection is recorded the facility on which the 
event is performed, as "#3 W. & S.” or "Single End Plug Gage.” To the 
left of the symbol is shown the time required to perform the work on one 
piece. After this information has been recorded, the vertical flow line is 
extended from the bottom of the symbol, and the next event is recorded. 
This charting procedure is continued until a second component joins the 
first. A horizontal material line is drawn to indicate the point at which 
the second component enters the process (see Figure 3-3). 

Purchased items that subsequently enter the process are introduced by 
a horizontal line, the same as manufactured items. The purchased mate¬ 
rial or component is identified by part name, drawing number, and the 
source of supply (see Figure 3-4). 
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FIG. 3-3. Entrance 
of second component 
into a manufacturing 
process. 


J-1108-2 BEARING SLEEVE J- 7708-7 DRIVE SHAFT 

8" 1 3/4"D 1AM. x 12 GA. SAJE. 1010 72" 7 7/2" D 1AM. SA.E. 1112 



FIG. 3-4. Entrance 
of purchased compo¬ 
nent into a manufac¬ 
turing process. 


>7708-3 DRIVE PULLEY 
A>B. JONES MFG. CO. 
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As each component of the assembly enters the process shown on the 
vertical line to the right, the charting of the events which occur to the 
combined components is continued along the vertical flow line. Thus, 
the final operation or inspection which occurs to the complete assembly 
will appear in the lower right-hand corner of the charting paper. 

All operations and inspections are numbered chronologically for iden¬ 
tification and reference purposes. The first operation is identified with an 
“0-1” in the center of its symbol, the second “0-2” and so on. Inspections 
are numbered in a similar manner in their own independent series. Thus, 
the first inspection is identified with an “INS-1” in the center of its sym¬ 
bol, the second “INS-2” and so on. 

All operations taking place on the various components are numbered 
in the same series. Likewise, all inspections appearing on the operation 
process chart are numbered in one series. For example, if the first com¬ 
ponent on the chart had six operations performed upon it, they would be 
numbered 0-1, 0-2, 0-3, 0-4, 0-5, and 0-6. If, at this point, a second 
component joins the first, and three operations were performed on the 
second component prior to its assembly to the first component, then these 
three operations would be identified as 0-7, 0-8, and 0-9. The first 
operation performed after the first and second components are brought 
together would be 0-10. 

A typical completed operation process chart appears in Figure 3-5. 

Using the Operation Process Chart 

After the analyst has completed the operation process chart, he is 
ready to use it. He should review each operation and inspection from 
the standpoint of the primary approaches to operation analysis (see 
Chapters 4 and 5). In particular, the following approaches apply when 
studying the operation process chart: 

1. Purpose of operation. 

2. Design of part. 

3. Tolerances and specifications. 

4. Materials. 

5. Process of manufacture. 

6. Setup and tools. 

7. Working conditions. 

8. Plant layout. 

The procedure is for the analyst to adopt the questioning attitude on 
each of the above criteria that influence the cost and output of the 
product under study. 

The most important question that the analyst should ask when study¬ 
ing the events on the operation and flow process chart is “Why.” Typical 
questions that should be asked are: 

“Why is this operation necessary?” 

“Why is this operation performed in this manner?” 
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Manufacturing Type 2834421 Telephone Stands--Present Method 
Part 2834421 Dwg. No. SK2834421 
Charted By B.W.N. 4-12- 


Legs <4 Reg'd) Dwg. 2834421-3 Sill (4 Reg'd) Dwg. 2834421-2 Top Dwg. 2834421-1 

2 1/2"x2 l/2"xl6" White Maple 1 1/2"x3"x12" Yellow Pine 1 l/2"xl4"xl4" White Maple 



Event 

Number 

Time 

Operations 

20 

10.49 minutes 

Inspections 

5 

Day work 


FIG. 3—5. Operation process chart illustrating manufacture of telephone stands. 

“Why are these tolerances this close?’" 

“Why has this material been specified?” 

“Why has this class of operator been assigned to do the work?” 

The analyst should take nothing for granted; he should ask these and 
other pertinent questions about all phases of the process and then pro¬ 
ceed to gather the information to answer the questions, so that a better 
way of doing the work may be introduced. 



22 


MOTION AND TIME STUDY 

Tlie question “Why* immediately suggests other questions including 
What, How, Who, Where, and When. For example, the analyst should 
ask: 


1. “What is the purpose of the operation?” 

2. “How can the operation be better performed?” 

3. “Who can best perform the operation?” 

4. “Where could the operation be performed at a lower cost?” 

5. “When should the operation be performed so as to give the least amount 
of material handling?” 





WHAT 

HOW 

WHO 

WHERE 

WHEN 


For example, in the operation process chart shown in Figure 3-5, the 
analyst might ask the following questions to determine the practicability 
of the method improvements indicated: 


Question Method Improvement 

1. Can fixed lengths of 114" x 14" white Eliminate waste ends from lengths that 
maple be purchased at no extra are not multiples of 14". 
square footage cost? 


2. Can purchased maple boards be se¬ 
cured with edges smooth and paral¬ 
lel? 

Eliminate jointing of ends (operation 2). 

3. Can boards be purchased to thickness 
size and have at least one side planed 
smooth? If so how much extra will 
this cost? 

Eliminate planing to size. 

4. Why cannot two boards be stacked 
and sawed into 14" sections simul¬ 
taneously? 

Reduce time of .18 (operation 4). 

5. What percentage of rejects do we 
have at the first inspection station? 

If the percentage is low, perhaps this in¬ 
spection can be eliminated. 

6. Why should the top of the table be 
sanded all over? 

Eliminate sanding one side of top and 
reduce time (operation 5). 

7. Can fixed lengths of 114” x 3" yellow 
pine be purchased at no extra square 
footage cost? 

Eliminate waste ends from lengths that 
are not multiples of 12". 


8. Can purchased yellow pine boards be Eliminate jointing of one edge, 
secured with edges smooth and parel- 
lel? 
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9. Can sill boards be purchased to thick¬ 
ness size and have one side planed 
smooth? If so, how much extra will 
this cost? 

Eliminate planing to size. 

10. Why cannot two or more boards be 
stacked and sawed into 14" sections 
simultaneously? 

Reduce time of .10 (operation 9). 

11. What percentage of rejects do we 
have at the first inspection of the 
sills? 

If the percentage is low, perhaps this in¬ 
spection can be eliminated. 

12. Why is it necessary to sand the sills 
all over? 

Eliminate some sanding and reduce time 
(operation 10). 

13. Can fixed lengths of 2%" x 2)4" white 
maple be purchased at no extra 
square footage cost? 

Eliminate waste ends from lengths that 
are not multiples of 16". 

14. Can a smaller size than 2%" x 214" be 
used? 

Reduce material cost. 

15. Can purchased white maple boards 
be secured with edges smooth and 
parallel? 

Eliminate jointing of edges. 

16. Can leg boards be purchased to 
thickness size and have sides planed 
smooth? If so, how much extra will 
this cost? 

Eliminate planing to size. 

17. Why cannot two or more boards be 
stacked and sawed into 14" sections 
simultaneously? 

Reduce time (operation 15). 

18. What percentage of rejects do we 
have at the first inspection of the 
legs? 

If the percentage is low, perhaps this in¬ 
spection can be eliminated. 

19. Why is it necessary to sand the legs 
all over? 

Eliminate some sanding and reduce time 
(operation 16). 

20. Could a fixture facilitate assembly of 
sills to top? 

Reduce assembly time (operation 11). 

21. Can sampling inspection be used on 
first inspection of assembly? 

Reduce inspection time (operation 4) 

22. Is it necessary to sand after one coat 
of shellac? 

Eliminate operation 19. 


By answering these questions, the analyst will be aware of other 
questions that may lead to improvement. Ideas seem to generate ideas, 
and the experienced analyst will always arrive at several possibilities for 
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improvement. He must keep an open mind and not let previous dis¬ 
appointments discourage the trial of new ideas. 

The completed operation process chart helps visualize the present 
method with all of its details, so that new and better procedures may be 
devised. It shows the analyst what effect a change on a given operation 
will have on preceding and subsequent operations. The mere construction 
of the operation chart will inevitably suggest possibilities for improve- 
ment to the alert analyst. 

This process chart indicates the general flow of all components entering 
into a product, and since each step is shown in its proper chronological 
sequence, the operation process chart is in itself an ideal plant layout. 
Consequently, methods’ analysts, plant layout engineers, and those in 
related fields will find this tool extremely helpful in making new layouts 
and in improving existing ones. . 

The operation process chart is an aid in promoting and explaining a 
proposed method. Since it gives so much information so clearly, it pro¬ 
vides an ideal comparison between two competing solutions. 

Flow Process Chart 

By A.S.M.E. standard definition, a flow process chart is a “graphic 
representation of all operations, transportations, inspections, delays, and 
storages occurring during a process or procedure, and includes informa¬ 
tion considered desirable for analysis such as time required and distance 
moved.” 2 

In general, the flow process chart contains considerably more detail 
than the operation process chart. Consequently, it is not adapted to com¬ 
plicated assemblies as a whole. It is used primarily on one component of 
an assembly at a time in order to effect maximum savings in the manu¬ 
facture of that particular component. The flow chart is especially valu¬ 
able in recording hidden costs, such as distances traveled, delays, and 
temporary storages. Once these nonproductive periods are highlighted, 
the analyst can take steps for improvement. 


O 




OPERATION 


INSPECTION 


V 

D 


STORAGE 


DELAY 


TRANSPORTATION 



COMBINED ACTIVITY 


FIG. 3-6. Standard flow process chart symbols. 


2 Ibid. 
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The flow process chart, in addition to recording operations and inspec¬ 
tions, shows all the moves and delays in storage encountered by an item 
as it goes through the plant. In addition to the operation and inspection 
symbols used in the construction of operation process charts, several other 
symbols are used. A small arrow signifies a transportation, which can be 
defined as the moving of an object from one place to another, except 
when the movement takes place during the normal course of an opera¬ 
tion or an inspection. A large capital D indicates a delay. A delay oc¬ 
curs when a part is not permitted to be immediately processed at the 
next work station. An equilateral triangle standing on its vertex signifies 
a storage, which occurs when a part is held and protected against un¬ 
authorized removal. When it becomes necessary to show a combined ac¬ 
tivity, such as one operator performing an operation and an inspection at 
a work station, then a square, % inch on a side with a small circle % inch 
in diameter inscribed within the square, is used as the identifying symbol. 

Construction of the Flow Process Chart 

As in the case of the operation process chart, the flow process chart 
should be properly identified with a title appearing at the top. It is cus¬ 
tomary practice to head the identifying information with the words 
“Flow Process Chart.” The identifying information usually shown includes 
part number, drawing number, process description, present or proposed 
method, date, and the name of the person doing the charting. 

Sometimes additional data is valuable in order to identify completely 
the job being charted. This may include the plant, building or depart¬ 
ment, chart number, quantity, and cost information. 

Since the flow chart represents but one item rather than an assembly, 
a neat-appearing chart can be constructed by starting on the top central 
section of the paper. First, a horizontal material line is drawn, over 
which is shown the part number and description as well as the material 
from which the part is processed. A short vertical flow line (about % 
inch) is then drawn to the first event symbol, which may be an arrow 
indicating a transportation from the storeroom. Just to the right of the 
transportation symbol is recorded a brief description of the move, such as 
“moved to cut-off saw by material handler.” Immediately under this is 
shown the type of material handling equipment (if any) used. For ex¬ 
ample, “hand two-wheeled truck” or “gasoline-powered fork truck” would 
identify the equipment employed. To the left of the symbol is shown the 
time required to perform the event, and about 1 inch still further to the 
left, the distance in feet moved is recorded (see Figure 3-7). 

This charting procedure is continued by recording all operations, in¬ 
spections, moves, delays, permanent storages, and temporary storages 
that occur during the processing of the part. All events are numbered 
chronologically for reference purpose, using a separate series for each 
event class. 
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UNIT TIME MOTOR CLOSURE S-7746 
IN FEET IN HOURS 2 1/4" S.A.E. m2 2" DIAM. 



FfG. 3-7. Distance, unit time, and element description as shown on flow process chart. 

The transportation symbol is used to indicate the direction of the flow. 
Thus, when straight-line flow is taking place, the symbol is plotted with 
the arrow pointing to the right side of the paper. When the process re¬ 
verses or backtracks, the change of direction is illustrated by plotting the 
arrow so that it points to the left. If a multifloor building is housing the 
process, the arrow pointing upward indicates that the process is moving 
upward, and a downward direction of the arrow shows the flow of work 
to be descending. 

To determine the distances moved, it is not necessary to measure ac¬ 
curately each move with a tape or six-foot rule. Usually, a sufficiently 
coirect figure will result by counting the number of columns that the 
material is moved past and then multiplying this number, less one, by the 
span. Moves of five feet or less are usually not recorded; however, they 
may be if the analyst feels that it will materially effect the over-all cost 
of the method being plotted. 

It is important that all delay and storage times be included on the 
chart. It is not sufficient just to indicate that a delay or storage takes 
place. Since the longer a part stays in storage or is delayed, the more 
cost it accumulates, it is therefore important to know the length of time 
it spends at each delay and at each storage. 

The most economical method of determining the duration of delays 
and storages is to mark several parts with chalk indicating the exact time 
that they went into a storage or were delayed. Then periodically check 
the section to see when the parts marked are brought back into pro¬ 
duction. By taking a number of cases and recording the elapsed time 
and then averaging the results, the analyst will obtain sufficiently accu¬ 
rate time values. 
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Using the Flow Process Chart 


• * 4 - w 7 P roces t s chart > like tlle operation process chart, is not an end 

m itself, but merely a means to an end. It is used as a tool of analysis 
for eliminating the hidden costs of a component. Since the flow chart 
c early shows all transportations, delays, and storages, it is helpful in 
reducing either the quantity or duration of these elements. 
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FIG. 3—8. Flow process chart. 
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Once the analyst has constructed the flow process chart, he uses the 
questioning approach based on the considerations primary to operation 
analysis. With the flow process chart, special consideration will be given 
to: 


1. Material handling. 

2. Plant layout. 

3. Delay time. 

4. Storage time. 

In all probability, the analyst has already constructed and analyzed an 
operation process chart of the assembly of which the part under study in 
the flow chart is a component. The flow chart was constructed of the 
components of the particular assembly where it was thought further 
study of the hidden costs would be practical. If the operations and 
inspections performed on the component have already been studied, 
then the analyst would not spend a great deal of time in restudying them 
when analyzing the flow chart. He would be more concerned in studying 
the distance parts must be moved from operation to operation, and what 
delays occur. Of course, if the flow chart was constructed initially, then 
all of the primary approaches to operation analysis should be used for 
study of the events shown on the flow process chart. These are: 

1. Time for each operation, inspection, move, delay, and storage. 

2. Distance in feet each time the item being plotted is transported. 

In order to eliminate or minimize delay and storage time so as to 
improve deliveries to customers, as well as reduce cost, the analyst should 
consider these check questions in studying the job: 

1. How often is the full amount of material not delivered to the operation? 

2. What can be done to schedule materials to come in more even quanti¬ 
ties? ^ 

3. What is the most efficient batch or lot size, or manufacturing quantity? 

4. How can schedules be rearranged to provide longer runs? 

5. What is the best sequence for scheduling orders to allow for type of op¬ 
eration, tools required, colors, etc.? r 

6. What can be done to group similar operations to be performed at the 
same time? 

7. How much can down time and overtime be reduced by improved 

scheduling? r 

8. What is the cause of emergency maintenance and rush orders? 

9. How much delay and storage time can be saved by making schedules 
more regular by running certain products on certain days? 

10. What alternate schedules can be developed to use materials most 
efficiently? 

11. Would it be worthwhile to accumulate pickups, deliveries, and ship¬ 
ments? r 

12. What is the proper department to do the job so it will be done with 
the same class of work and save a move, delay, or storage? 
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13. How much would be saved by doing the job on another shift? At an¬ 
other plant? 

14. What is the best and most economical time to run tests and experiments? 

15. What information is lacking on orders issued to the factory that may 
cause a delay or storage? 

16. How much time is lost by shifts changing at different hours in related 

departments? _ , 

17. What are the frequent interruptions to the job, and how should they be 

eliminated? . . 

18. How much time does the employee lose waiting for or by not receiving 
the proper instructions, blueprints, and specifications? 

19. How many holdups are caused by congested aisles? 

20. What improvements can be made in the location of doorways and aisles 
and the making of aisles which will reduce delays? 

Specific check questions, to shorten distances traveled and reduce 
material handling time, that should be used by the analyst include: 

1. Can a facility be economically relocated in order to reduce distances 
travelled? 

2. What can be done to reduce the handling of materials? 

3. What is the correct equipment for handling the materials? 

4. How much time is lost in getting materials to and from the work 

station? , . . 0 

5. Should product grouping be considered rather than process grouping? 

6. What can be done to increase the size of the unit of material handled 
to reduce handling, scrap, and down time? 

7. How can elevator service be improved? 

8. What can be done about runways and roadways to speed up transpor¬ 
tation? , 

9. What is the proper position in which to place material to i educe the 
amount of handling required by the operator? 

10. What use can be made of gravity delivery? 

A study of the completed flow chart (Figure 3-8) will familiarize the 
analyst with all pertinent details related to the direct and indirect costs 
of a manufacturing process so that they can be analyzed for improve¬ 
ment. Unless all the facts relating to a method are known, it is difficult 
to improve that method. Casual inspection of an operation will not pro¬ 
vide the information needed to do a thorough job of method improve¬ 
ment. Since distances are recorded on the flow process chart, it is 
exceptionally valuable in showing how the layout of a plant can be im¬ 
proved. Intelligent use of the flow process chart will result in improve¬ 
ments. 

The Flow Diagram 

Although the flow process chart gives most of the pertinent informa¬ 
tion relative to a manufacturing process, it does not show a pictorial plan 
of the flow of work. Sometimes this added information is helpful in de¬ 
veloping a new method. For example, before a transportation can be 
shortened, it is necessary to see or visualize where room can be pro- 
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vid ed to add a facility s0 that the transportation distance CM fae 
diminished. Likewise, it is helpful to visualize potential temporary and 
peimanent storage areas, inspection stations, and work points. The best 
way to provide tins information is to take an existing drawing of the plant 
hyout of the areas involved, and sketch in the flow lines indicating the 

ovement of the material from one activity to the next. Such a pictorial 

W ntatl f° n n lay ° Ut ° f fl °° rS Md ° f buildin g s which shows the 

location of all activities appearing on the flow process chart is known as a 
now diagram. 

When constructing a flow diagram, the analyst should identify each 
achvity by symbol and number corresponding to those appearing on 

, fl ° W pr .? CeSS Chart lbe dlrection of movement is indicatel by 
placing small arrows periodically along the flow lines. These arrows will 
point the direction of flow. 

If it is desirable to show the flow of more than one item, a different 
olor can be used to show the flow of each part. 

Figure 3-9 illustrates a flow diagram made in conjunction with a flow 
process chart to improve the production of the Garand (Ml) rifle at 
pnngfleld Armory. This pictorial presentation together with the flow 
process chart resulted in savings that increased production from 500 
rifle barrels per shift to 3600—with no more employees. Figure 3-10 
illustrates the flow diagram of the revised layout. 8 
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It can be seen that the flow diagram is a helpful supplement to the 
flow process chart wherever relocation of work and storage stations 
takes place. The flow diagram shows up backtracking and areas of pos¬ 
sible traffic congestion, and facilitates the making of an ideal plant lay¬ 
out. 

Summary: Operation and Flow Process Charts 

The methods analyst should become familiar with the operation and 
flow process charts and the flow diagram so that he will be able to use 
these valuable tools in the solution of problems. Just as there are several 
types of tools available for a particular job, so several designs of charts 
can be utilized in assisting in the solution of an engineering problem. 
However, in determining a specific solution, one chart usually has ad¬ 
vantages over another. The analyst should know the specific functions 
of each of the process charts and only resort to those that he needs to 
help solve his specific problems. In summary, their functions are: 

1. Operation Process Chart —Used to analyze relations between operations. 
Good for studying operations and inspections on assemblies involving sev¬ 
eral components. Helpful for plan layout work. 

2. Flow Process Chart —Used to analyze hidden or indirect costs, such as 
delay time, storage cost, and material handling costs. Best chart for com¬ 
plete analysis of the manufacture of one component part. 

3. Flow Diagram —Used as a supplement to the flow chart, especially where 
considerable floor space is involved in the process. Shows up backtracking 
and traffic congestion. Necessary tool in making revised plant layouts. 

Both the operation and flow process chart and the flow diagram have 
their place in developing improvements. Their correct use will aid in 
presenting the problem, solving the problem, selling the solution, and 
installing the solution. 


TEXT QUESTIONS 


1. Who uses process charts? 

2. Who is credited as being the original designer of process charts? 

3. What does the operation process chart show? 

4. What symbols are used in the construction of the operation process chart? 

5. How are materials introduced into the general flow when constructing the 
operation? 

6. How does the flow process chart differ from the operation process chart? 

7. What is the principal purpose of the flow process chart? 

8. What symbols are used in the construction of the flow process chart? 

9. When would you advocate the use of the flow diagram? 

10. How can the flow of several different products be shown on the flow dia¬ 
gram? 

11. Why are the operation and flow process charts merely a means to an end? 



34 


MOTION AND TIME STUDY 


GENERAL QUESTIONS 

1. What are the limitations of the operation and flow process charts, and the 
flow diagram? 

2. What relation is there between the flow chart and material handling? Be¬ 
tween the flow diagram and plant bottlenecks? Between the operation 
process chart and material specifications? 

3. What is the connection between effective plant layout and the operation 
process chart? 


CHAPTER 4 


Operation Analysis 


Operation analysis is a pro- 
cedure used by the methods engineer to analyze all productive and 
nonproductive elements of an operation with the thought of improve¬ 
ment. Methods engineering in itself is concerned with devising methods 
that increase production per unit of time and reduce unit costs. Operation 
analysis is in reality a technique for accomplishing the goal of methods 
engineering. 

In the post-World War II era, with competition becoming increasingly 
keen, the subject of operation analysis has become increasingly impor¬ 
tant. It is a procedure that can never be regarded as being completed. 
Competition usually necessitates continuing study of a given product so 
that the manufacturing processes can be improved and a part of the 
gains can be passed on to the consumer in the form of a better product 
at a reduced selling price. Once this is done by a given producer, com¬ 
petitors invariably introduce similar improvement programs, and it is 
only a matter of time until they have produced a more salable product 
at a reduced price. This starts a new cycle in which the given producer 
again reviews his operations, improves his manufacturing processes, and 
again necessitates improvements in competitive plants. Conditions in 
industry cannot be static; otherwise, bankruptcy would result. Progress is 
the only key to continued profitable operation. 

Another basic economic law, that of supply and demand must be 
considered when savings are effected. The volume of goods consumed is 
inversely proportional to the selling price. As we develop improvements 
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that inaugurate real savings, we broaden the market through lower sell¬ 
ing price. This procedure has been proven time and time again. This 
was done with electric lighting, refrigerators, radios, automobiles, and 
many other products. As progress allowed reduction in cost, more people 
could afford to purchase. The increased volume permitted further econo¬ 
mies, which again resulted in lower prices, and lower prices further in¬ 
creased the volume. Each time the selling price of any commodity is 
reduced as little as 5 per cent, the product is immediately brought within 
reach of more people’s pocketbooks. 

Experience has proved that practically all operations can be improved 
if sufficient study is given to them. Since the procedure of systematic 
analysis is equally effective in large and small industries, job shop and 
mass production, we can safely conclude that the subject of operation 
analysis is applicable in all areas of manufacturing, business, and govern¬ 
ment establishments. 

Approach to Operation Analysis 

Probably one of the most common attitudes of industrialists is that 
their problems are unique. Consequently, they feel that any new method 
will be impractical for them. Actually all work, whether it be clerical, 
machine, assembly, or general labor, is much the same. The Gilbreths 
concluded that any work, whether productive or nonproductive, was 
done by using combinations of seventeen basic movements which they 
call “Therbligs ” Regardless of what the operation is, when considered 
in the light of its basic divisions, it will be found to be quite similar to 
others. For example, the elements of work in driving a car are much like 
those required to operate a turret lathe; the basic motions employed in 
dealing a bridge hand are almost identical with certain manual inspec¬ 
tion and machine loading elements. The fact that all work is similar in 
many respects verifies the principle that if methods can be improved in 
one plant, opportunities exist for methods improvement in all plants. 

Anyone who is engaged in methods work is well aware of the natural 
inherent resistance to change that prevails in all men’s minds, regardless 
of their level in the organization. Overcoming this resistance to change 
is one of the major obstacles in the path of an improvement program. 
Managers will continually make statements to the effect that, It might 

have worked at the - plant, but our operation is quite different.” 

Supervisors will say, “It can’t work here,” and even the operator will 
bluntly declare, “It won’t work.” Selling the whole organization on It 
will work here” is a never ending job for the methods engineer. One who 
is successful in this type of work never accepts anything as being right 
just because it exists today or has been done this way for years. Instead, 
he questions, probes, investigates, and finally, after all angles are con¬ 
sidered, he makes his decision for the moment. Always he is conscious 
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that this method may be satisfactory today but it will not he t ^ 

as there is always a better way. ' 11 0t be tomorrow . 

Operation Analysis Procedure 
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for all steps appearing on the flow chart. This procedure invariably 
evolves efficient ways of performing the work. As these ideas deve op, 
it is well to record them immediately so that they will not be forgotten. 

It is also wise to include sketches at this time. Usually, the analyst is 
surprised at the numerous inefficiencies that prevail and will have little 
trouble in compiling many improvement possibilities. One improvement 
usually leads to another. The analyst must have an open mind and crea¬ 
tive ability if he is to be a real success in this type of work. The check 
sheet is also useful in giving methods training to factory foremen and 
superintendents. Thought-provoking questions, when intelligently used, 
help factory supervisors to develop constructive ideas. The check sheet 
serves as an outline which can be referred to by the discussion leader 
who is handling the methods training. 

The Ten Primary Approaches fo Operation Analysis 

The Westinghouse Electric Corporation has developed an operation 
analysis program in which it gives emphasis to using the 10 
Approaches to Operation Analysis” when studying the flow chart of the 

prevailing method. 

These approaches include: 

1. Purpose of Operation 

2. Design of Part 

3. Tolerances and Specifications 

4. Materials 

5. Process of Manufacture 

6. Setup and Tools 

7. Working Conditions 

8. Material Handling 

9. Plant Layout 

10. Principles of Motion Economy 

These points of analysis are supplemented by Maynard “dStegemer- 
ten with: Complete Survey of All Operations Performed on Part, Method, 
and Common Possibilities for Job Improvement. 1 When all these poms 
are considered in studying each individual operation, f^ntion is focused 
on the items most likely to produce improvement. All ofMhese jot 
will not be applicable to each activity appearing on the flow chart, b 
usually it will be found that more than one should be considered. The 
method of analysis recommended is to take each step m the present 
method individually and analyze it with a specific approach toward i - 
provement clearly in mind, giving consideration to all key pointi of 
analysis. Then follow with the same procedure on succeeding °P eratl0ns ; 
inspections, moves, storages, etc., shown on the chart. After each clement 
has been thus analyzed, it is well to consider the product being studied 

ThTb. Maynard and G. J. Stegemerten, Operation Analysis (New York: McCraw- 
•mil UnnV To.. Inc.. 1939). 
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as a whole rather than in the light of its elemental components and to re¬ 
consider all points of analysis with thought toward over-all improvement 
possibilities. There are usually unlimited opportunities for methods im¬ 
provement m every plant. The best technique for developing the 
maximum savings is in the careful study of individual and collective 
operations as outlined. Wherever this procedure has been followed bv 
competent engineers, beneficial results have always been realized. 


fUKrUbt OF OPERATION 

Probably the most important of the ten points of operation analysis 
used for improving an existing method or planning a new job is the pur¬ 
pose of the operation. A cardinal rule that the analyst should observe is 
to try to eliminate or combine an operation before improving it In mv 
experience as much as 25 per cent of the operations being performed 
by diversified American industry can be eliminated if sufficient study 
be given the design and the process. 7 

Unnecessary operations are frequently a result of improper planning 

? 'Vffi 16 , 116 J ° b T aS first set U P’ ° nce a sta udard routine is established 
it !s difficult to make a change, even if such a change would allow the 
elimination of a portion of the work and make the job easier. When new 
jobs are planned, the planner usually will include an extra operation if 
there is any question as to the possibility of rejection of the product 
without the extra work. For example, if there is some question as to 
whether to take two or three cuts in turning a steel shaft in order to 
maintain a 40 micro-inch finish, invariably the planner will specify three 
cuts, even though proper maintenance of cutting tools, supplemented 
with ideal feeds and speeds, would allow the job to be done with two 
cuts. Likewise, if there is some question as to the ability of a drill press 
to hold a .005 inch tolerance on a % inch drilled hole, the planner, when 
setting up the job, will call for a reaming operation. Actually, the drilling 
operation would be adequate if all variable factors (speed, feed, cutting 

lubricant, drill size) are controlled. * 8 

Many times an unnecessary operation may develop because of the 
improper performance of a previous operation. A second operation must 
be done m order to touch up or make acceptable the work done by the 
first operation. For example, in one plant, armatures were previously 
spray-painted m a fixture which made it impossible to cover the bottom 
of the armature with paint in that the fixture shielded the bottom from 
the spray blast. It was necessary to touch up the armature bottoms after 
spray-pamtmg A study of the job resulted in a redesigned fixture which 
held the ai mature and still allowed complete coverage. The new fixture 
permitted spray-pamting of seven armatures simultaneously, whereas the 
old method called for spray-painting one at a time. Thus, it was possible 
to eliminate the touch-up operation by giving consideration to the 
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thought that an unnecessary operation may develop because of the 1 m- 
proper performance of a previous operation. 

In the manufacture of large gears it was necessary to introduce a 
hand-scraping and lapping operation in order to remove waves m tie 
teeth after they had been hobbed. An investigation disclosed that con¬ 
traction and expansion brought about by temperature changes m the 
course of the day were responsible for the waviness m the teeth surface. 
By inclosing the whole unit and installing an air-conditioning system 
within the enclosure, proper temperature was maintained during the 
whole day. Immediately the waviness disappeared, and it was no longer 
necessary to continue the hand-scraping and lapping operations. 

Sometimes unnecessary operations develop because an operation was 
introduced in order to facilitate an operation which followed. For 
example, it was thought necessary to twist each pair of wires when wiring 
commutators in order to keep the correct pair of wires together and also 
increase the strength. It was found, however, after analysis that the cor¬ 
rect pair of wires could be placed in the proper slot without twisting. 
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Also, observation revealed that twisting caused the wires to be unequal 
in length, and the uneven tension in the twisted wire weakened rather 
than strengthened the wires. It was discovered that the winding of the 
wire was unnecessary when someone asked: “Can a change in assembly 
eliminate the need for a previous operation?” 

In endeavoring to eliminate operations, the analyst should consider the 
question: Is an additional operation justified by savings it will effect in a 
subsequent operation? For example, a brush holder was originally 
planned so that two holes were drilled and tapped in each holder. One 
hole was drilled and tapped in the bottom, another was drilled an 
tapped in the top. The brush holder was assembled in such a manner that 
alternately a holder with the drilled and tapped hole in the bottom and 
with the hole tapped in the top were used. Since all parts had tapped 
holes in both the bottom and top, it was merely a matter of positioning 
the part for assembly. By questioning the need for both tapped holes in 
each piece, it was discovered to be more economical to have two parts 
—one with the hole tapped in the top, the other with the hole tapped 
in the bottom. The two parts were then assembled alternately. Drilling 
and tapping a hole in each brush holder was eliminated because someone 
questioned the necessity of performing this operation. 

Again, an unnecessary operation may develop because it was thought 
it would give the product greater sales appeal. One company originally 
used cast brass name plates for various lines of its products. Although 
the cast name plate was attractive, it was found that by using instead an 



FIG. 4 3. Large gear completely housed so as to maintain constant temperature during hobbing 

operation. 
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etched steel name plate the appearance was still kept attractive, and 
cost was notably reduced. 

In order to have a smooth joint in the production of electric fan 
guards, it was thought necessary to perform a coining operation where 
the ends of the wire cage were joined by butt welding. By slightly 
modifying the design, it was possible to place the joined wire ends 
directly in back of the crossbars of the fan guard, making it impossible 
to see the joined ends. Since the butt-welded ends could not be seen, it 
was no longer necessary to perform the coining operation. This design 
made it difficult to reach the butt-welded portion so that there was no 
chance of scratching the hands on the rough welded area. 

Frequently an unnecessary operation will exist because of inadequate 
or outmoded tools and equipment. In one shop, an eight-hole jig was 
used for drilling the holes on a fan-cooled motor frame. This jig was also 
used for locating and drilling eight of the sixteen holes necessary on an 
explosion-proof motor. The remaining eight holes had to be laid out prior 
to drilling. By adopting a new sixteen bushing drill jig, the hand-laying- 
out operation was eliminated. By asking and answering the question, 
Can better tooling eliminate an operation?, it was possible to inaugurate 
improvement. 

In an effort to eliminate, combine, or shorten each operation, the 
analyst should ask and answer the following question: Does an outside 
supplier’s tooling enable him to perform the operation more economi- 



FIG. 4-4. Twisting of wires during commutator winding operation was found unnecessary as 
correct pair of wires could be placed in proper slot without twisting. 
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proaches to operation analysis. 

Summary: Purpose of Operation 

Many operations being performed by every manufact^ 
ment L business are 

nf the operation. While determining the puipose of tl P 
component of it. 

DESIGN OF PART 

T^iif design still a good methods analyst should review every 
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pointers for lower-cost designs: 

1. Reduce the number of parts, * us fravffin manufacturing 
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held limits. 

These general observances should be kept in mind as consideration is 
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be kept in mind for developing minimum cost designs. 

printed from American Machinist, reference sheets (12th ed ; New York: 
McGraw-Hill Publishing Co., Inc.). 
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Castings 

2 Min* in ^ te l and ( bal «d-sand) cores. 

2. Minimize depth to obtain flatter castings 

' chifl ” Um W61ght C ° nsistent witb suffl *ent thickness to cast without 
4. Choose simple forms 

I: 

' “* ° th "' ,h 'i *'»«« 

; .s„rb“LS ! .r„„'S.*' ^ w " 1 ~ af ~> “■ «■%. «. 

in m? 1 / 7 muIti P le P a «erns instead of single ones 
10. Metal patterns are preferable to wood § 

U. Permanent molds instead of metal patterns. 

Moldings 

1. Eliminate inserts from parts. 

f £?s,",: 1 !" 1 : -•"« ™ b « ”< 

4 ished* li ' 1 ' ll1 " ' “ tI>at the flash lI >' not need to be filed and pol- 

5. Minimum weight. 

Punchings 

3- Hob , o Mdi o , J to k >ids ^ 

4. Design to use coil stock. 

‘ h "“> '“3- h ” d dl. 

Formed Parts 

2. t p e otibL spun ’ we,ded or fOTged P arts - 

3. Liberal radii on comers. 

4. Bent parts instead of drawn. 

5. Parts formed of strip or wire instead of punched from sheet. 

Fabricated Parts 

2 n, 1 it tappil,g SCre T S i nstead of standard screws. 

2. Drive pms instead of standard screws, 
o. Kivets instead of screws. 

4. Hollow rivets instead of solid rivets 

fi W°u° r pr ° J ' eCti ? ri weldin g instead of riveting 

6. Welding instead of brazing or soldering S ' 

,*l^ ™.Tp^," OU "' i “ tid »' construction to- 

Machined Parts 
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3. Reduce the number of shoulders. 

4. Omit finishes where possible. 

5. Use rough finish when satisfactory. 

6. Dimension drawings from same point as used by factory in measuring 
and inspecting. 

7. Use centerless grinding instead of between-center grinding. 

8. Avoid tapers and formed contours. 

9. Allow a radius or undercut at shoulders. 

Screw-Machine Parts 

1. Eliminate second operation. 

2. Use cold-rolled stock. 

3. Design for header instead of screw machine. 

4. Use rolled threads instead of cut threads. 

Welded Parts 

1. Fabricated construction instead of castings or forgings. 

2. Minimum sizes of welds. 

3. Welds made in flat position rather than vertical or overhead. 

4. Eliminate chamfering edges before welding. 

5. Use “burn-outs” (torch-cut contours) instead of machined contours. 

6. Lay out parts to cut to best advantage from standard rectangular plates 
and avoid scrap. 

7. Use intermittent instead of continuous weld. 

8. Design for circular or straight-line welding to use automatic machines. 

Treatments and Finishes 

1. Reduce baking time to minimum. 

2. Use air drying instead of baking. 

3. Use fewer or thinner coats. 

4. Eliminate treatments and finishes entirely. 

Assemblies 

1. Make assemblies simple. 

2. Make assemblies progressive. 

3. Make only one assembly and eliminate trial assemblies. 

4. Make component parts RIGHT in the first place so that fitting and ad¬ 
justing will not be required in assembly. 

This means that drawings must be correct, with proper tolerances, and 
that parts be made according to drawing. 

General 

1. Reduce number of parts. 

2. Reduce number of operations. 

3. Reduce length of travel in manufacturing. 

When one observes almost any article and thinks back only a few 
years, the changes of design that have taken place begin to become ap¬ 
parent. The automobile, refrigerator, typewriter, telephone, washing 
machine, home, watch, toothbrush, lead pencil, all have gone through 
significant design changes in the past ten years—even the last five years. 
It is a poor policy to think of any design as being permanent. It is much 
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better to consider that all designs are wrong, and that the only reason 
they are in effect is because a better design or process has not been dis¬ 
covered. 

Figures 4-5 and 4-6 give some examples of good and poor casting and 
forging design. 



From Product Engineering, Sixth Series Design Work Sheets 
(McGraw-Hill Publishing Co., Inc., 1941), p. 16. 


FIG. 4-5. The rights and wrongs of details of castings and forgings. 


One manufacturer always used cast-iron brackets on its motors. A 
methods analyst questioned this design, and this led to the redesign of 
the bracket, making it from welded sheet steel. Not only was the new 
design stronger, lighter, and more eye-appealing, but it was less expen¬ 
sive to produce. 
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A similar design improvement was in the construction of conduit 
boxes. Originally, they were built of cast iron, whereas, the improved 
design, making a stronger, neater, lighter, and less expensive conduit 
box, was fabricated from sheet steel. 

In another instance a brass cam switch used in control equipment was 
made as a brass die casting. By slightly altering the design, the less 
expensive process of extruding was utilized. The extruded sections were 
cut to desired length to produce the cam switch. 
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All the above improvements were brought about by considering a bet¬ 
ter material in an effort to improve the design. 

Attaching nuts were originally arc welded to transformer cases. This 
proved to be a slow, costly operation. Furthermore, the resulting design 
had an unsightly appearance due to the overflow and spatter from the 





FIG. 4-8. Above: Rede¬ 
signed brass cam switch al¬ 
lowing part to be made from 
extrusion. Below: New de¬ 
sign shown cut to length 
from section of brass extru- 
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FIG. 4-9. Projection weld¬ 
ing of nuts to surface pro¬ 
vides neat-appearing and in¬ 
expensive method of joining. 



arc-welding process. By projection-welding nuts to the transformer 
not only were time and money saved but the resulting design had 
siderably more sales appeal. 5 8 


case, 

con- 




FIG. 4-10. Mounting bracket 
changed so that spot weld¬ 
ing may be used rather than 
arc welding. Illustration of 
bracket arc welded to re¬ 
sistor tube indicates un¬ 
sightly appearance necessi¬ 
tated through the old 
method. 



A srmriar improvement was brought about by changing from arc 
mg to spot welding to join mounting brackets to resistor 8 tubes. 
Another example of design simplification through joining parts better 

Z "rt, T 7 '“<» *« tl '*» II had 

been the policy to turn the end of the clip up to form a socket TBis 

socket was filled with solder, and the wire conductor was then tinned 
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and inserted in the solder-filled socket and held until the solder solidified. 
by altering the design to call for resistance welding the clip to the wire 
conductor, both the forming and dipping operations were eliminated 

A motor cover thumb screw was originally made of three parts: head 
pin, and screw. These components were assembled by joining the head to 
the screw with the pin. A much less costly thumb screw was developed 
by redesigning the part for an automatic screw machine which was able 
o urn out the part complete, with no secondary operations. A simplified 
design resulted in a less expensive part that still met all service and 
operating requirements. 

The foregoing examples are characteristic of the possibilities for im- 
provement when the design of the part is investigated. It is wise to al¬ 
ways check the design for improvement because design changes can be 
valuable. In order to be able to recognize good design, the methods engi- 
neer should have had some training and practical experience in this area 
Good designs do not just happen; they are the result of broad experience 
and creative thinking, tempered with an appreciation of cost 

Summary: Design of Part 

Designs should never be regarded as being permanent. Experience 
has shown that practically every design can be improved. The method 
analyst should question the present design in order to determine if it is 
possible to improve it. He should learn to recognize good design and if 
he encounters poor design, he should assume the responsibility of report- 
mg his findings to the product design department. He should then follow 
through to assure that the proposed design improvements are carried out. 


TOLERANCES AND SPECIFICATIONS 

The third of the ten points of operation analysis to be considered in an 
improvement program is tolerances and specifications. Many times this 

n si mil 1S - COn , Sld f ed in P ar t when reviewing the design. This, however 
usually is not adequate, and it is well to consider tolerances and specifica- 
tions independent of the other approaches to operation analysis. 

ere is a natural tendency for designers to incorporate more rigid 

Xut bTone 7 Whe " develo P in S a P rodu ct. This is brought 

about by one or both of two reasons: 6 

o' T? ck r° f a PP reciation for the elements of cost. 

dons' thanVt^lf iS ne , c “ sai y to specify closer tolerances and specifica¬ 
tions than actually needed in order to have the manufacturing depart¬ 
ments produce to the required tolerance range. * P 

The methods analyst should be versed in the aspects of cost and be 

im/nrk^Tf ^ unnecessaril y close specifications can do to the sell- 
g price. If it appears that designers are being needlessly “tight” in 
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establishing tolerances and specifications, it may be wise for management 
to embark on a training program in which the economies of specifications 

are clearly presented. -.r 

The analyst must be on the alert for too liberal specifications, as well 
as those that appear too restricted. By closing up a tolerance, it is often 
possible to facilitate an assembly operation or some other subsequent 
step. This may be economically sound, even though the time required 
to perform the present operation has been increased by re ucmg a 
manufacturing tolerance. 

Beyond the principle of operating economies through correct to - 
ances and specifications is the consideration of establishing the idea 
inspection procedure. Invariably, inspection is a verification of the quan¬ 
tity the quality, the dimensions, and the performance. Inspection m a 
of these areas usually can be performed by numerous methods and 
techniques. One way is usually better, not only from the standpoint^ 
quality control, but also from the time and cost consideration. The 
methods engineer should question the present way with thought toward 

im The possibilities for installation of spot inspection, lot-by-lot inspection 
or statistical quality control should be considered. 

Spot inspection is a periodic check to assure that established standards 
are being realized. For example, a nonprecision blanking and piercing 
operation setup on a punch press should have a spot inspection to assure 
maintenance of size and the absence of burrs. As the die begins to wear 
or deficiencies in the material being worked begin to show up, the spot 
inspection would catch the trouble in time to make the necessary changes 

without the generation of any scrap. 

Lot-by-lot inspection is a sampling procedure in which a sample is 
examined in order to determine the quality of the production run or lot 
The size of the sample selected is dependent on the allowable per cent 
defective and the size of the production lot under check. 

Statistical quality control is an analytical tool which is employed to 
control the desired quality level of the process. 

If a 100 per cent inspection is being encountered, it is well to con¬ 
sider the possibility of spot inspection or lot-by-lot inspection. One hun¬ 
dred per cent inspection refers to the process of inspecting every unit ot 
product and rejecting the defective ones. Experience has shown that this 
type of inspection does not assure a perfect product. The monotony of 
screening tends to create fatigue, and thus lowers operator attention. 
There is always a good chance that the inspector will pass some defective 
parts as well as reject good parts. Because a perfect product is not 
assured under 100 per cent inspection, acceptable l^V be *\ 

ized from the considerably more economical methods of either lot-by-lot 

01 Usuallv^my elaborate quality control procedure is not justified if the 
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product does not require close tolerances, if its quality is easily checked, 
and if the generation of defective work is unlikely. 

Just as there are several mechanical methods for checking a .500"/.502" 
reamed hole, so there are several over-all policy procedures that can be 
adopted as a means of a control. The methods analyst must be alert and 
well grounded in the various techniques, so that he can make sound 
recommendations for improvement. 

In one shop a certain automatic polishing operation was found to have 
a normal rejection quantity of 1 per cent. It would have been quite ex¬ 
pensive to subject each lot of polished goods to 100 per cent inspection. 
It was decided, at an appreciable saving, to consider 1 per cent the 
allowable per cent defective, even though this quantity of defective 
material would go through to plating and finishing only to be thrown 
out in the final inspection before shipment. 

The analyst must always be aware of the fact that the reputation and 
demand for his company’s product depend upon the care taken in estab¬ 
lishing correct specifications and in maintaining them. Once quality 
standards are established, no deviations will be permitted. In general, 
tolerances and specifications can be investigated in these three ways: 

1. Are they absolutely correct? 

2. Are ideal inspection methods and inspection procedures being used? 

3. Are modern quality control techniques being exercised? 

One manufacturer’s drawings called for a .0005" tolerance on a shoul¬ 
der ring for a DC motor shaft. Original specifications called for a 1.8105" 
to 1.8110" tolerance on the inside diameter. It was thought necessary to 
hold this close tolerance, as the shoulder ring was shrunk on the motor 
shaft. 

An investigation revealed that a .003" tolerance was adequate for the 
shrink fit. The drawing was immediately changed to specify a 1.809*' to 
1.812" inside diameter. A reaming operation was saved because someone 
questioned the absolute necessity of a close tolerance. 

In another instance, it was possible to introduce an automatic control 
on an external cylindrical grinder. Formerly, it was necessary to manually 
feed the grinding wheel to the required stop. Each piece had to be 
carefully inspected to assure maintenance of tolerance on the outside 
diameter. With the automatic machine control, the feed is tripped and 
the piece released upon completion of the in-feed. The automatic ma¬ 
chine control made the operator free to do other work because some 
methods analyst endeavored to develop an ideal inspection proce¬ 
dure. 

In an automatic screw machine shop, it was thought necessary to in¬ 
spect 100 per cent parts coming off the machine because of the critical 
tolerance requirements. However, it developed that adequate quality 
control would be maintained by inspecting every sixth piece. This sam- 
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pling procedure allowed one inspector to service three machines rather 
than one machine. 

By investigating tolerances and specifications and taking action when 
desirable, costs of inspection will be reduced, scrap will be minimized, 
repair costs diminished, and quality will be kept high. 


Summary: Tolerances and Specifications 

The methods analyst, because of his familiarity with shop operations, 
is in an ideal position to question the tolerances and specifications as- 



FIG. 4-13. Automatic control attached to external cylindrical grinder. 


signed to a product. He should well understand the additional cost in¬ 
curred through establishing close tolerances. Frequently, tolerances and 
specifications can be liberalized so as to decrease unit cost with no detri¬ 
mental effects on quality. 

In other instances, tolerances and specifications should be made more 
rigid in order to facilitate certain manufacturing operations. 

Occasionally, the method of inspection as well as the inspection pro¬ 
cedure can be changed so as to effect savings. 

Tolerances and specifications must be investigated carefully by the 
analyst in order to be assured of a successful operation analysis program. 

MATERIAL 

One of the first questions an engineer considers when he is designing a 
new product is, What material shall I use?” Since the ability to choose 
the right material is based upon the engineers knowledge of materials 
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and since it is difficult to choose the correct material because of the 
great variety of materials available, many times it is possible and practical 
to incorporate a better and more economical material in an existing 
design. 

There are five considerations that the methods analyst should keep in 
mind relative to direct and indirect materials utilized in a process. These 
are: 

1. Finding a less expensive material. 

2. Finding materials easier to process. 

3. Using materials more economically. 

4. Possible use of salvage materials. 

5. Economical use of supplies and tools. 

Finding a Less Expensive Material 

Prices of materials can be compared by their basic costs. Monthly 
publications available to all engineers summarize the approximate cost 
per pound of steel sheets, bars, and plates, and the cost of cast iron, cast 
steel, cast aluminum, cast bronze, and other basic materials (see 


















Fabricated Form Raw Material Costs Tool and Die Costs Optimum Lot Sizes 



Courtesy: Materials and Methods 
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Table I). These costs can be used as anchor points from which one can 
judge the application of new materials. Developments of new processes 
for producing and refining materials are continuously taking place. Thus, 
a material that was not competitive in price yesterday may be so to¬ 
day. 

In one company, micarta spacer bars were used between windings of 
transformer coils. They were placed so as to separate the windings and 
permit circulation of air between the windings. An investigation revealed 
that glass tubing could be substituted for the micarta bars at a saving. 
Not only was the glass tubing less expensive, but it met service require¬ 
ments better because the glass could withstand higher temperatures. 
Furthermore, the hollow tubing permitted more air circulation than the 
solid micarta bars. 

Another example of starting with a less expensive material that still 
meets service requirements was in the production of distribution trans¬ 
formers. Originally, a porcelain plate was used to separate and hold the 
wire leads coming out of the transformers. A fuller board plate was sub¬ 
stituted which stood up just as well in service, yet was considerably less 
expensive. 

The methods analyst should keep in mind that such items as valves, 
relays, air cylinders, transformers, pipe fittings, bearings, couplings, 
chains, hinges, hardware, and motors can usually be purchased at less 
cost than they can be manufactured. 
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Finding a Material Easier to Process 

One material is usually more readily processed than another. By re¬ 
ferring to handbook data of the physical properties, it is usually easy to 
discern which material will react most favorably to the process that it 
must be subjected to in its transposition from raw material to finished 
product. For example, machinability varies inversely with hardness and 
hardness usually varies directly with strength. 



FIG. 4-16. Packing ivory bars before methods change. 



64 


MOTION AND TIME STUDY 

The partial list of properties of materials shown in Table II form the 
basis on which a material is chosen. The tabulation shows the relation 
between various materials and properties when one of the variables, 
such as thickness, stiffness, strength or weight, is held constant. 

By keeping the thought in mind of selecting a material that is easy to 
process, one methods analyst was able to show real savings when he 
changed the procedure of producing stainless steel bearing shells. Origi¬ 
nally, they were made by drilling and boring to size cut lengths of stain- 



FIG. 4-17. Packing ivory bars after methods change. 
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TABLE II 

Using Steel as 100 for Comparison 


Basis of Comparison 


Material 


Equal Thickness. 
Equal Thickness. 
Equal Thickness. 
Equal Thickness. 
Equal Stiffness. . 
Equal Stiffness... 
Equal Stiffness. , 
Equal Stiffness. . 
Equal Strength. . 
Equal Strength. . 
Equal Strength. . 
Equal Strength. . 
Equal Weight. . . 
Equal Weight. . . 
Equal Weight 
Equal Weight 


Structural Steel 
Alum~52S 3^ H 
Mag. FS-la 
Titanium 
Structural Steel 
AIum-52S 3^ H 
Mag. FS-la 
Titanium 
Structural Steel 
Alum-52S 3^ H 
Mag. FS-la 
Titanium 
Structural Steel 
AIum-52S 3^ H 
Mag. FS-la 
Titanium 


Thickness Stiffness 


100 

100 

100 

100 

100 

143 

165 

125 

100 

111 

137 

71 

100 

281 

444 

173 


Strength 


100 

34 

22 

52 

100 

100 

100 

100 

100 

47 

59 

19 

100 

765 

1,954 

270 


100 

81 

53 

200 

100 

164 

143 

312 

100 

100 

100 

100 

100 

647 

1,040 

600 


Weight 


Source: Data taken from B. W. NiebelanH F vr tut j • ^ i [ - 

iMeoei and E. N. Baldwin, Designing for Production 


100 

36 
23 
57 

100 

51 

37 
72 

100 

40 
31 

41 
100 
100 
100 
100 


less steel bar stock, 
source, material was 
cost of manufacture 


By specifying stainless steel tubing as a material 
conserved, rate of production was increased, and 
was reduced. 


Using Material More Economically 

Sion " ' b “ be given to giicAfofo 

For example, if a part required 18 inches of 9-inv.t, v i. 
less steel tubing (including the width of the cut off to It se f m " 

lengths had been supplied,It would be weh to sll to L's ^ 
this tubing should be delivered in exact muItiltLth of 1 s"" f* 
This procedure would prevent short ends being leftmL. § 

In the production of stampings from sheet if thp *- 
contain an undue amount of scrap material, it’may be nnss’W T™ 
the next higher standard width of material and utilize Zmultit>] °<r° Tf 
a multip e die is used, care should be exercised in the a ™„tient 0 “ 
the cuts to assure greatest utilization of material Figure 4-18^3 ,^ 
how careful nesting of parts permit maximum utilization of fla stock 
At one time the Procter and Gamble Company packed bars of l7 
soap into boxes with the opening on the larp-est f£>» 7.n of ,, Ivor y 

bo*. This operation is aho^ ”Xl6 III “ i "' 

the ope, case fold , 0 fo „, f do„b.,^ co™f 0 “ fo,p*T,he 
box during packing. As the result of a method study constrain 
g iven to using material more economically. It was Ln^ that thT ^ 
cdd be packed satisfactorily, „„ JL. ^ 





















F ,G 4-18. Method of torch cutting heavy gear cose side pM- Note ° f ,h * p0i "' 

the heel for most effective use of plate. 

less box board. The end packing rs shown m Figure g 
resulted in a substantial reduction m the cost of the container. 

Another example of economical use of material is m compression mold- 
tog A : ( °X“p-- B, preweighing the — » »*«f 

Jld, .V ,h« exact a—i—'Z”Id. " 


Salvage Materials . , 1A ne 

The possibility of salvaging materials that would otherwise be sold as 

bonded rubber wringer rolls, was able to utilize the cylindrical hollow 
scrap to produce needed components. 
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Courtesy: General Electric Co. 

FIG. 4-19. Circular piece is scrap from motor frame head fabrication part. This scrap part is 
used to produce gusset support pieces for locomotive platform. Lower photo shows Airco No. 50 
Travo-graph 8 torch burner cutting gusset support pieces from scrap blank. 
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If it is not possible to develop a by-product, then scrap materials should 
be segregated for top scrap prices. Separate bins should be provided in 
the shop for tool steel, steel, brass, copper, aluminum, and chip haulers 
and floor sweepers should be instructed to keep the scrap segregated. 

It is usually wise to salvage items such as electric light bulbs if large 
quantities are used. The brass socket should be stored in one area, and 
after breaking and disposing of the glass bulb, the tungsten filament 
should be removed and stored separately for greatest residual value. 

Wooden boxes from incoming shipments should be saved and the 
boards sawed to standard lengths for use in making smaller boxes for 
outgoing shipments. This practice is always economical and is being fol¬ 
lowed by many large industries today as well as service maintenance 
centers. 

Full Use of Supplies and Tools 

Full use of all shop supplies should be encouraged. One manufacturer 
of dairy equipment introduced the policy that no new welding rod was to 
be distributed to workers without return of old tips under two inches 
long. The cost of welding rods was reduced immediately by more than 
15 per cent. 

It is usually economical to repair by brazing or welding expensive 
cutting tools such as broaches, special form tools, and milling cutters. If 
it has been company practice to discard tools of this nature, once broken, 
it would be well to investigate the potential savings brought about by a 
tool salvage program. 

The unworn portion of grinding wheels, emery discs, and so forth, 
should be checked for possible use in the plant. Such items as gloves and 
rags should not be discarded once they are soiled. It is less expensive to 
store the dirty items in containers to await laundering than to replace 
them. 

Waste of material benefits no one. The methods analyst can make a 
real contribution to his company by preventing material wastes which 
today claim about one fifth of our material. 

Summary: Material 

In every manufacturer's shop, materials constitute a large percentage 
of the total costs of the products of production. Consequently, the proper 
selection and use of materials is important, not only from the standpoint 
of giving the customer a more satisfactory product, but also because by 
selecting a material which is more economical to process, production 
will be performed at a lower cost. 

Whether the product being produced is chemical, vegetable, or min¬ 
eral, the chances are that material costs can be reduced and product 
quality can be improved by asking and answering these questions: 
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1. Have you re-examined materials specifications for chances to use’ 

a. Less expensive materials? 

Eliminate “special” grades whenever possible. 

o ¥ ght f r '? age or less stron g mate nals? Less pure materials? 

Such techniques as corrugating metal sheet to increase rigidity, or changing 

reTl savk|s me h ° dS *° ^^ <Muti ° n ° f chemicals t0 a minimum, may achfevf 

c. Stronger materials and more concentrated chemicals? 

This as th e reverse of question “b,” but both possibilities rate consideration. 

d. Lighter-weight materials that can save on handling and shipping? 

^ V ch n m!i hey i Ve b f” considered before, it’s worth taking another look at 
paptr * 1S ^ alummum ’ magnesium, resin-impregnated glass fibers, and 

e. Other forms of materials that can cut handling costs? 

or instance sugar in liquid form can be piped around the plant. It is much 

S3 ! " s " *■ *■* ” b - — 

^r-Tn to Very - Sl ‘ Sht Ch \T “ Par ‘ SiZe 01 sha P e wi]1 make it P oss iWe to cut 
scrap to a minimum while using standard sheet or strip. F 

g. Fewer varieties of each material? 

For example, standardizing on half a dozen colors instead of specifying a 

eriorTnd'make UC r e i? amt f an 1 pigm6nt “ ventOT y> minimize cWes for 
error, and make matching of colors easier. 

L?i Sp0SaW ? ° r ex P endabIe materials that not only reduce original cost, but 
save on maintenance and repair? ® 

2. Have you re-examined sources of supply for chances to.- 

a. Obtain materials in more convenient quantities? 

b. Obtain better prices, better delivery? 

c. Get help in design and processing? 

d Work with vendors to help them slice their costs and improve quality? 
e. Buy parts now made m the plant; or make parts now bought? q 
Changing labor and equipment situation may have reversed price and pro¬ 
duction picture which existed when decision L a given part Ls orjin^y 

3. Have you re-examined scrap and waste for chances to- 

a. Use waste material in making another part or product? 

usaEmpr* 611315 Wh ° Se ^ Cann0t be re ' USed with those which have 

remeke a d lpIe ’ thermosettin g P Iastics with thermoplastics that can be 

° th T leSS ea fy contaminated materials in place 
or tne light-colored, easily contaminated ones? F 

Turn waste material into usable by-products? 

For instance, waste sulphur dioxide from refineries is being recovered as 
usable sulphur; waste pickle liquor is being made into wall board 

or ^bth° U Paym f SpeC i a attention t0 materials which are easily contaminated 
or which evaporate or deteriorate on storage? 7 ’ 

u o it ,P°® sible t0 eliminate use of such materials? 

For wl better f nt ? iner s. and better storage methods be devised? 

tight fiWn^n 1113 ^ !^ 1011 eva P° rate sbouId be stored in containers with 
tignt fitting covers that close automatically. 
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c. Would a slight change in product specifications and processing methods 

make it possible to convert such materials into a more stable form as soon 

as they arrive in the plant? , 

d. Is corrosion resistance of processing equipment now being used taken 

into account when new materials are considered? 

TEXT QUESTIONS 

1. Give a complete definition of operation analysis. 

2. How is operation analysis related to methods engineering? 

3. Does increased competition submerge the necessity for operation analysis? 
Explain. 

4. Explain the relationship between market price and volume as related to 
production. 

5. What is the major obstacle in the path of the methods engineer? 

6. How do unnecessary operations develop in an industry? 

7. What four thoughts should the analyst keep in mind in order to improve 
design? 

8. Explain why it may be desirable to "tighten up” in tolerances and specifi¬ 
cations. 

9. What is meant by lot-by-lot inspection? 

10. When is an elaborate quality control procedure not justified? 

11. What five points should be considered when endeavoring to reduce ma¬ 
terial cost? 

12. Explain why corrugated metal sheet is more rigid than flat sheet of the 
same material. 

13. How does a changing labor and equipment situation affect the cost of 
purchased components? 

GENERAL QUESTIONS 

1. Formulate a check list that would be helpful in improving operations. 

2. Show the calculations that indicate that Titanium is .19 as stiff as a section 
of steel having equal strength when loaded as a beam. Both bars have 
equal width. 

3. Explain how conservation of welding rod can result in 20 per cent material 
savings. 

4. Investigate the operations required to convert waste sulphur dioxide to 
usable sulphur. 
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PROCESS OF MANUFACTURE 

, , , Just as there are a great 

number of materials to select from when designing a part, so there are 
a most an unlimited number of manufacturing processes to choose from 
when planning for its production. New and improved methods are con- 
stantly bemg developed A new process may be developed in one plant 
to satisfy a particular design or project. Investigation will often reveal 
several other places m the plant where it could be used to advantage 
over the existing process. For example, to finish the outside diameter of a 

oned U A’ 3 P ° n a “ ln . feed f ntcrIess may have been devel¬ 

oped. A survey may disclose that the centerless grinding can produce 

other products faster that were formerly turned down on a lathe and 
still have a better machine finish. ’ 

No methods analyst can ever expect to learn every process and be in¬ 
formed on the various operations of the equipment and its limitations as 
o toFmi.e capacities, and various applications. However, by keeping 

SniHes f Undament f m mind ’ he WU1 be in 8 P° Sition t0 foresee °ppor S 

tumties for improved processes throughout his organization. For exam- 
pe the requirements^ of clean surface, proper fusion temperature at 
joint, and pressure to force the metal together and hold it while cooling 
aie applicable to forge welding, butt welding, flash welding, spot weld¬ 
ing projection welding, seam welding, and percussion welding 

If the methods analyst understands these fundamental requirements 
he will be m a position not only to see possibilities for developing better 
joining techniques, but will be able to clear up troubles encountered L 
welding processes. Thus, the methods analyst will find that by grouping 
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of resistance welding. 


the processes under fundamental principles and requirements, the vast 
varieties of processes can be understood without knowing the detailed 
construction or characteristics of the process equipment. 

It is wise for the methods engineers to review current technical peri- 
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Note: The “o” means the metals can be spot welded. 


odicals as ideas for method improvement are often crystallized when he 
sees “what the other fellow is doing.” Possible application for improve¬ 
ments should be clipped and filed for future reference, and in time an 
invaluable manufacturing methods library can be developed. 
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esses! nL and UttLSodTwiHbt P^c 

vestigation should b^mLetaTouTways! 116 P1 '° CeSSeS ° f man ufecture, in- 

h Sr Changmg an °P eration > consider possible effects on other opera- 
2. Mechanize manual operations. 

4: fcsssrs; — 

Wec/s on Subsequent Operations by Changing Present Operation 

effeetsXt on sXcqi" ** ^ 7 COnsider detrimental 

costs of one operation can result " h °T S dOWn * e line - facing 

the following change in manufacturtag^/Tc ^ekf' 

higher costs and was, therefore, not practical The fiefd ! reSUlted “ 
of heavy copper bands which were formed and^hen 7 7™ made 
tape. The mica tape was hand wrapped on the a I “ suIate d Wlth mica 
was thought advantageous to machine * , kead y coiled parts. It 
coiling. This did not prove a2 T? " bands P rior to 

the mica tape, and Es™™ ! f ° rimn g of the <*&> cracked 
acceptance. g repairs were necessitated prior to 

Rearranging operations often results in savings The flancre f 
conduit box required four holes to he ,1 S lh H n § e of a motor 
the base had to be smoodi and flat n u~°7 in 6ach corner - Also, 
first grinding the base then drilli o- r ' gl " all >'> th e job was planned by 
drilling operation ^ 3 ^ ^ 

step. By rearranging operations so that th i, 1 remov ed in the next 
the base then ground, It wTposs!ble t„ 5 7 first " a "d 

fan motor supports and outlet box of electri! f,,-, ' For 1 merI y> the 

ncated, painted separatelv and th» * j f 6 com P le tely fab- 

outlet box and "’ S0 * l ’“’ ** ™*'"S 

painting the assembly, appreciable savins to'? and then 

painting operation. g n tlme was effected on the 

Mechanize Manual Operation 

AtlgB a « oneotmtered eoa^e,,,,™ sho „, d 
from armature slots one ,,,,,,, g ean insulation and dried varnish 
questioning this P r„«, 
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It drffl was developed. Th,s no, ^ 

S-d feeders, ef.« „ - 

economical than hand-tool methods. 



OPERATION ANALYSIS (CONTINUED) 


75 



end mill placed in a power air drill. 


Utilize More Efficient Machine 

Can a more efficient method of machining be used? is a question that 
should be foremost in the analyst s mind. If the operation is done median- 
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FIG. 5-5. Infrared lamps for drying transformer tanks after painting permitted drying in one 
twelfth the time of the former method. 


ically, there is always the possibility of a more efficient means of mechani¬ 
zation. Let us look at some examples. Turbine blade roots were machined 
by performing three separate milling operations. Cycle time was high, as 
well as costs. By means of external broaching, all three surfaces were 
finished at once. A pronounced saving was the result. 

The possibility of utilizing press operation should never be overlooked. 
This process is one of the fastest for forming and sizing operations. A 
stamped bracket had four holes that were drilled after the bracket was 
formed. By designing a die to pierce the holes, the work was per¬ 
formed in a fraction of the drilling time. 

Another applicable example of utilizing a more efficient machine was 
conversion of steam-heated ovens to banks of infrared lamps for drying 
transformer tanks after painting. The change allowed drying of the same 
volume of tanks in one twelfth the time. 

Operate Mechanical Facilities More Efficiently 

A good slogan for the methods analyst to keep in mind is, "Design for 
two at a time.” Usually, multiple die operation in presswork is more 
economical than single stage operation. Again, multiple cavities in die 
casting, molding, and similar processes, should always be given considera¬ 
tion when there is sufficient volume. 

On machine operations, the analyst should be sure that proper feeds 
and speeds are being used. He should investigate the grinding of cutting 
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tools so that maximum performance will result. He should check to see if 

^,".7^4‘“TT'l mo " nted ’* ,h ' ri <= ht 

onatel 'V “^ ne too1 15 m g°° d condition and is being a dc- 
quately maintained. Many machine tools are being operated at a fraction 

f their possible output. Always endeavoring to operate mechanical 
facilities more efficiently will pay dividends. mechanical 

Summary: Process of Manufacture 

There are usually a number of ways to produce a part. Better produc- 
t on methods are continually being developed. By systematically ques 

to 2 mV tr' gating processes^ the analyst is bound 

mre d >, m ° re . e , ffiClent method - Alwa y s question the process of manufa c 

■ bir h an K ea towa [ d improvement. There is no best way to do a 
I° b there is always a better way. ^ 


SETUP AND TOOLS 

One of the most important elements which applies to all forms of work 
olders, tools, and setup is the economic one. The amount ollS 
that proves most advantageous depends on: S P 

1. The quantity to be produced, 

2. The chance for repeat business. 

3. The amount of labor involved. 

4. Delivery requirements„ 

5. Amount of capital required. 

• °" e ° f the most Prevalent mistakes made by planners and toolmakers 
use b i T-T mey ’'I./ 1 " 1 ” 65 Which raa > r *ow a large saving whenTn 

d reniTh ^ SeWOin USed For cxam P Je > a saving of 10 per cent n 
direct labor cost on a job in constant use would probably justify greater 

expense m tools than an 80 or 90 per cent saving on a small job appearing 
only a few tames per year on the production schedule. The economic ad § 
vantage of lower labor costs is the controlling factor in the detZina' 
tion of the tooling; consequently, jigs and fixtures may be desirable 
even where only small quantities are involved. Other considerations 
such as improved interchangeability, increased accuracy, or reduction of 

ttr* reason for eiaLate 

devised two alternate methods involving different tooling for f-b* S 
would be th” the r eS6nt and P ro P° sed methods follow. Which method 

is $1-20 per h“Zml!d ^ T 

tures are capitalized and depreciated fn Ze year S P ^ ^ ^ 




78 


MOTION AND TIME STUDY 


Method 

Time Value 

Fixture 

Cost 

Tool 

Cost 

Average 

Tool Life 

pfQQPtit TVTpijlYod. . 

3.50 min. each 

None 

$ 6.00 

10,000 pieces 
20,000 pieces 
5,000 pieces 

Jt I t/OCll t .. 

1 Alternate. 

2.80 min. each 

$300.00 

$20.00 

No. 2 Alternate. 

1.85 min. each 

$600.00 

$35.00 


A cost analysis of the above data would reveal that a unit total cost 
of $0.0464 represented by alternate method No. 2 is the most economica 
for the quantity anticipated. The elements of cost entering into this 

total are as follows: 


Method 

Unit 

Direct 

Labor 

Cost 

Unit 

Fixture 

Cost 

Unit 

Tool 

Cost 

Unit 

Total 

Cost 

Annual Cost 

Old Method. 

No. 1 Alternate. 

No. 2 Alternate. 

$0,070 

$0,056 

$0,037 

$0 

$0.0012 

$0.0024 

$0.0006 

$0.0010 

$0.0070 

$0.0706 

$0.0582 

$0.0464 

$3,530.00 

$2,910.00 

$2,320.00 


Once the amount of tooling is determined, or if tooling already exists 
the ideal amount needed is determined, then specific points should be 
kept in mind in order to produce the most favorable designs. Colvin and 
Haas summarize the following points: 1 

Will the fixture be similar to some other that has been used to advantage. 

op— « ». o» yoo ». .ny .1 

T KS'u«? P ~£~ry to wo* torn .»y pr.v.oo.ly W1 « S™hri — 

f aC e? 

Will a table of clamping schemes help you? 

Can any stock castings be used for making the fixture. 

Would it be of advantage to make a special pattern. 

Can the part be quickly placed in the fixture. 

the A C lwiys°b ? ear in mind that the cut should be against the solid part of the fix- 

to L a fmom a tian one^placed in the fixture and so increase the output? 
can Ae Ch£ be re P adily removed from the face of the fixture upon which 

th Te1hlX d S strong enough to prevent them from buckling 

‘ he W0A ’ k Z S be e al apt 

mind Shrough the vibration or chatter of the fixture or work they are apt 
to come loose and cause a great deal of damage. ? 

Are there any special wrenches to be designed to go wi 

-TiTk Colvin and L. L. Haas, Jigs and Fixtures (5th ed.; New York: McGraw- 

Hill Book Co., Inc., 1948), pp. 14-17. 








OPERATION ANALYSIS (CONTINUED) 


Can you use a reversible key in the milling fixture, and will it fit the millers 
on which the fixture is to go? 

Can a gage be designed, or hardened pins added, to help the operator set 
the milling cutters or check up on the work? 

Must special milling cutters, arbors, or collars be designed to go with the 
fixture? 

Is there plenty of clearance for the arbor collars to pass over the work with¬ 
out striking? 

If the fixture is of the rotary type, have you designed an accurate indexing 
arrangement? & 

Can the fixture be used on a standard rotary indexing head? 

Is the fixture strong enough to prevent any vibration while the cutters are in 
action? 


Can the fixture be made to take in more than one operation? If so, would 
it be advisable to have it do so, instead of making two fixtures? 

Have you, in the designing of the fixture, brought the work as close to the 
table of the miller as possible? 

Can the part be milled in a standard miller vise by making up a set of 
special jaws and thus doing away with an expensive fixture? 

If the part is to be milled at an angle, could the fixture be simplified bv 
using a standard adjustable milling angle? J 

the^xturS ^ dang6r ° f injury t0 the °P erator thl 'ough the faulty design of 


Can lugs be cast on part to be machined to enable you to hold it? 

What arrangements have you made to prevent the clamps from turning 
while they are being tightened on the work? 

How many different-sized wrenches must the operator have in order to 
tighten all clamps? Why will one not do? 

Can the work be gaged in the fixture, or must the fixture be cut away so 
that a micrometer, or snap gage, can be used? 

Can you use jack pins to help support the work while it is being milled? 

Will a reciprocating fixture be of advantage in getting out production? 

Clan a profile be used to help the operator in accurately locating the part? 

Have you placed springs under all clamps? 

In the building up of the fixture are all parts properly screwed and dow¬ 
eled m place? Is there any danger of their working loose? 

Are all steel contact points, clamps, etc., hardened? 

What kind or class of jigs are you going to design? Will any of the standard 
jig designs shown help you? 

Has the part undergone any previous operation? If so, can you utilize anv 
or these points to start from? 7 

If locating against rough or unfinished surface, is it advisable to have locat- 
mg points adjustable? 

Can any of the clamping schemes shown be used to hold the part securely 
while it is being drilled and reamed? J 

Can any of the standard stock castings or patterns shown be used in making 
the jig, or must you make a special pattern? 6 

Can the work be held down by any of the methods illustrated? 

If so, will the results after drilling and reaming be accurate enough? 

What takes the thrust of the drill? Can you use any jack pins or screws to 
support the work while it is being drilled? 

Can a drilling angle, as shown, be used to advantage to take care of a hole 
that is on an angle? 

Can the standard wrenches and handles be used with the jig? 
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Are there any gages to be designed to help the operator get quick and ae- 

curate results from the jig? , . ., T . 

Can you use a double or triple thread on the screw that holds the work in 
the jig/so that it will take fewer turns to get the screw out of the way m 

order to remove the part more quickly? 

Are there any loose parts of the jig, such as clamps, that could he made 
integral with the jig and thus prevent their getting lost. 

Have you made a note on the drawing, or have you stamped all loose parts 
with a symbol indicating the jig that they were made for so that m case they 
are lost or misplaced they can be returned to the jig when founds 
Are all necessary corners rounded? 

Is there any danger of the operator’s being injured through the faulty de¬ 
sign or make-up of the jig? 

Can the toolmaker make the jig? 

Are your drill bushings so long that it will be necessaiy to make up exten- 
*on drills? 

^Are'the legs on the jig long enough to allow the drill, reamer, or pilot of the 
reamer to pass through the part a reasonable distance without striking the 

table of the drill press? 

Have you provided against clamps turning? 

Are all clamps located in such a way as to resist or help resist the pres- 

SUI \Vill a profile on the base of the jig help you to locate accurately the part 

to be drilled? ,. 0 

Have you provided springs under clamps or bushings? 

Is the work apt to spring when tightening down on clamps? 

If the jig is a rotary jig, is the indexing positive and accurate. 

Can you use a straight index pin instead of a tapered one? 

If the part can be tapped or spot-faced in the jig to advantage, have you 
provided large enough slip bushings? 

Has the counterbore been provided with stop collars? 

Has the drill press the necessary speeds for drilling and reaming all holes. 

Must it have a tapping attachment also? in an j 

Always remember that it is not practical to have several small holes and 
only one large one to be drilled and reamed m the jig, foi the reason that 
quicker results can be obtained by drilling the small holes on a small drill 
press, while, if there is only one large one, it would require the ] g to be used 
on a large machine. The question then arises, is it cheaper to drill the large 
hole in another jig, and will the result, after so drilhng, be accurate enough? 
Is the jig too heavy to handle? 

Setup ties in very closely with the tooling consideration in that the 
tooling of a job invariably determines the setup and tear-down tune. 
When we speak of setup time, we usually include such items as punching 
in on the job; procuring instructions, drawings, tools, and material; 
preparing work stations so that production can begin in the prescribed 
manner (setting up tools, adjusting stops, setting feeds, speeds, depth o 
cut, etc.); tearing down the setup; returning tools to crib; cleaning work 
stations; and punching out on job. 

It can readily be seen that setup operations are of extreme importance 
in the job shop when production runs tend to be small. Even if this type 
of shop had modern facilities and high effort were put forth, it would 
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still be difficult to meet competition if setups were Ions because of noor 
p anmng and sloppy tooling. When the ratio of setup time to productfon- 
run time is high, then the methods analyst will usually be ablc to develop 
possibilities for setup and tool improvement P 

*“ ,ys ' ‘ h " ld inv “' ,g “ ,e ,he “*"» 

3. Introduce more efficient tooling. e macnine. 

Reduce Setup Time by Better Planning and Production Control 

thl&rst^ceTthcTT maldng * he kSt PfeCe ° f the P reSent run a " d 

is often difficult to c T T- *T^ ^ Hme ' and since * is 
fen difficult to control, it is the portion of the workday that is usuallv 

performed least efficiently. This time often can be Sh'S throu!* 

£ see V ins P thi tSrtr^r 01 ' % ^ diSpatch section ^sponsible 

tor seeing that the tools, gages, instructions, and materials are provided 

at the correct time, and that the tools are returned to theirXertive 

“1 S il -ul J °r COmple f° n ’ the need for the operator to leave his work 
ea will be eliminated. Thus, the operator will have to perform only the 

actual setting up and tearing down of the machine. The clerical androu 
tme function of providing drawings, instructions, and tools fn be 
performed by those more familiar with this type of work. Thus large 
umbers of requisitions for these requirements can be performed’simul 
taneously and setup time will be minimized. 1 SlmUl ' 

Another function of production control that should be carefully re 
viewed for possible improvement is that of scheduling. Considerable 
etup time can be saved by scheduling like jobs in sequence For ef 
ample, if a 1-inch bar stock job is scheduled to a No^ Warner and 
Swasey turret lathe, from the standpoint of setup time it would be 
economica to have other 1-inch round bar stock work schedulld to im 
mediately fohow the first 1-inch job. This would eliminate collectZhang' 

mWmi ” nu " b “ *» 

Usually, it is advisable to provide duplicate cutting tools for the opera 
tor rather than to make him responsible for sharpening his ownToolt 
When it becomes necessary for the operator to get a new tool the du 1 
one should be turned m to the tool crib attendant and replaced with a 
sharp one. The benefits of standardization cannot be realized when tool 
sharpening is the responsibility of the operator. 

To minimize down-time, there should be a constant backlog of work 
ahead of each operative. There should never be any question a^ to wW 
each operators next work assignment will be A techninnp fr .i 

“> <o keep .he work load 
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superintendent is to provide a board over each production f-ility 
three wire clips or pockets to receive work orders. The first clip contain 
all work orders scheduled ahead, the second clip holds the> work o d 
currently being worked on, while the last chp holds the completed orders. 
As^the dispatcher issues work orders, they are placed in the work ahead 
Nation At the same time, he picks up all completed job tickets from the 
“work completed” station and delivers them to the scheduling epar men 
for record K is obvious that this system assures the operator of a perpet¬ 
ual load in front of him and does not require him to go to his supervisor 

f0r By 1 maWng W rwcOTdof 1 difficult recurring setups, considerable setup 
time can be saved when repeat business is received Perhaps *e simple 
and yet most effective way to compile a record of a setup is to take a 
photograph of the setup once it is complete. The Pj oto g ra P h 
either stapled and filed with the production operation card, or else be 
pted^ Laplastic envelope and attached to the tooling prior to storage 

in the tool crib. 

Design Tooling to Utilize the Full Capacity of the Machine 

In considering the second point of setup and tools, the analyst should 
ask can the work be held to permit all machining operations in one 
seWA careful review of many jobs will bring out possibiht.es for 
multiple cuts, thus utilizing a greater share of the machine s capacity 
For example it was possible to change a milling setup of a togg 
fo that Ae six faces were simultaneously milled by five cutters. The oM 
setup required the job to be done in three steps. The part had to be 
placed in a separate fixture three different times. The new setup re¬ 
duced the total machining time and increased the accuracy o e re 

lationshit) between the six machined faces. . 

Another thought to be kept in mind is the possibility of positioning 
one part while another is being machined. This opportunity exists on 
many milling machine jobs where it is possible to conventional miff on 
one stroke of the table and climb mill on the return stroke While t e 
operator is loading a fixture at one end of the machine table^ a smul 

fixture is holding ovUC thfm^hffie Sthe 

fixtur^XTed While this* internal work is taking place, the machine 
is cutting the piece in the second fixture. 

Introduce More Efficient Tooling 

Evervone is aware of the vast number of designs of screw drivers. 
Each design provides an efficient driver under a particular set of condi¬ 
tion, A screw driver that is efficient under one set of conditions may be 
very inefficient under another group of conditions. 
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The analyst should investigate to see if the proper hand tools are 
being provided and are being used. 

More important than proper hand tools are the proper cutting tools 
Grinding wheels should be carefully checked to be sure that the right 
wheel is being used on the job. Excessive grinding wheel wear, poor 

finish, and slow rate of cutting are characteristics of having selected the 
wrong wheel. 

Carbide tooling offers large savings over high-speed steel tools on 
many jobs. For example, a 60 per cent saving was realized by changing 
the mdhng operation of a magnesium casting. Formerly, the base was 
milled complete in two operations, using high-speed steel milling cut¬ 
ters. An analysis resulted in employing three carbide-tipped fly-cutters 
mounted in a special holder so as to mill parts complete. Faster feeds 
and speeds were possible and surface finish was not impaired. 

Selection of the correct drill is important. Just as there are a variety of 
hand tools—each designed for a specific task, so there are broad varie¬ 
ties of cutting tools—each having its own limited range of application. 

The old method for drilling a hole one-half inch in diameter and seven 
inches deep in a hard steel shaft with a high-speed twist drill resulted in 
considerable difficulty. It was necessary to back out the drill about 
twenty times in order to remove the chips and cool the drill. It was not 
possible to get the coolant to the cutting edge because of the depth of 
the hole. By utilizing a carbide-tipped V-shaped gun drill with a hole in 



FIG. 5 6. This milling machine equipped with three carbide-tipped fly-cutters resulted in a 60 
per cent saving over the old milling method. 
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FIG. 5-7. Carbide-tipped V-shaped gun drill with hole through center for coolant answers deep- 

kola Hrillina Drobiem. 


the center through which the coolant was pumped, it was possible to 

drill the hole in about one third the time. 

Again, it was possible to greatly reduce the costs of die maintenance 
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by considering the use of carbide as a die-cutting edge material. To 
produce a certain stamping, it was necessary to resharpen a die with 
tool steel cutting edges after every 50,000 pieces. A study of die-cutting 
edges resulted in an improved die with edges of tungsten carbide. Now, 
more than 600,000 pieces are produced before resharpening is necessary. 

In the introduction of more efficient tooling, develop better methods 
for holding the work. Be sure that the work is held so that it can be 
positioned and removed quickly. A quick-acting bench vise has been de¬ 
veloped, utilizing the feet to open and close the vise while the hands 
are engaged in doing useful work. The vise is opened by kicking one 
foot pedal and is closed by pressing the other foot pedal. Another ex¬ 
ample of quick clamping is the use of a foot-operated air vise which 
holds a ball race in position for drilling. As another piece is inserted in 
the air vise, the finished piece is pushed out. 

Summary: Setup and Tools 

The extent of tooling justified for any job is determined largely by the 
number of parts to be produced. On low-activity jobs, only elementary 
tooling is justified; on high activity, special tooling is required because 
cost of tooling is prorated over the large number of units. On high- 
activity work, it is important to bring unit production time down to an 
absolute minimum. Good setup and tool practice produces worthwhile 
benefits; it makes the job easier, simpler, and less fatiguing. Time used 
in analysis of setup and tools will result in better production and im¬ 
proved products at minimum costs. 


WORKING CONDITIONS 

The methods analyst should accept as part of his responsibility the 
provision of good, safe, comfortable working conditions. Experience has 
proved conclusively that plants providing good working conditions will 
outproduce those that maintain poor conditions. The economic return 
provided through investment in improved working environment is usu¬ 
ally significant. Ideal working conditions will improve the safety rec¬ 
ord, reduce absenteeism and tardiness, raise employee morale, and im¬ 
prove public relations, in addition to increasing production. 

Some common considerations for improving working conditions fol¬ 
low: 

1. Improve lighting. 

2. Control temperature. 

3. Provide for adequate ventilation. 

4. Control sound. 

5. Promote orderliness, cleanliness, and good housekeeping. 



86 


MOTION AND TIME STUDY 


6. Arrange for immediate disposal of irritating and harmful dusts, fumes, 
gases, and fogs. 

7. Provide guards at nip points and points of power transmission. 

8. Provide, at cost when necessary, personal protection equipment. 

9. Sponsor and enforce a well-formulated first-aid program. 

Improve Lighting 

The intensity of light required depends primarily on what operations 
are being performed in the area. It is obvious that a toolmaker or an 
inspector requires greater intensity of light than would be needed in a 
storeroom. Glare, quality of light, location of light source, contrasts in 
color and brightness, flicking and shadows, all must be considered in 
addition to intensity. Some characteristics of good lighting are as follows: 

1. Reduce glare by installing a large number of sources of light to give the 
total required light output. 

2. Enclose filament-type bulbs in opalescent bowls which will reduce glare 
by spreading the light output over a greater surface. 

3. White light, or the composition of average sunlight, is generally consid¬ 
ered ideal. A satisfactory approximately white light for most uses can be 
produced by a filament-type bulb or by a single white fluorescent unit. 

4. The correct level of illumination should be provided at all points of the 
work station which will prohibit all shadow. 

The Bausch & Lomb Company reports through its Industrial Vision 
Service Division that it has been proven to be possible, with a sound 
vision program, to increase quantity and quality of production by 
amounts varying between 15 and 20 per cent. If this additional amount 
of production can be achieved through correct placement of visually 
skilled individuals, then it follows that at least this amount of production 
may be sacrified by an outdated lighting program. 

Control Temperature 

The human body endeavors to maintain a constant temperature of 
about 98° F. When the body is exposed to unusually high temperatures, 
large amounts of perspiration evaporate from the skin. During the per¬ 
spiration process, sodium chloride is carried through the pores of the skin 
and is left on the skin surface as a residue when evaporation takes place. 
This represents a direct loss to the system and may create a disturbance 
to the normal balance of fluids in the body. The result is heat fatigue 
and heat cramps, with accompanying slowdown in production. 

Conversely, detailed time studies have repeatedly brought to atten¬ 
tion the loss in production when working conditions are unduly cold. 
Temperature should be controlled so that it will be between 65 and 
75° F. the year round. If this level can be maintained, losses and slow¬ 
downs from heat fatigue, heat cramps, and lack of manipulative dex¬ 
terity will be kept to a minimum. 
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Promo,. Orderliness, Cleanliness, and Good Housekeeping 

A good industrial housekeeping program wi . 

1. Diminish fire hazards. 

2. Reduce accidents. 

3. Conserve floor space. 

4. Improve employee morale. 
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coming more and more common. Ernest Dunnick, Chief Industrial Engi¬ 
neer of the Titan Metal Company, reports that eye injuries have almost 
been eliminated in his plant since goggles furnished by the company 
have become mandatory throughout the operating divisions. Innumera¬ 
ble cases can be cited where personal protective equipment has saved 
an eye, hand, foot, and a life. For example, one steel company reported 
that twenty fatalities were prevented in one year by enforced wearing 
of company-provided helmets. A northwest lumber company reported, 
too, that six serious head injuries were prevented within a twenty-day 
period through the use of protective hats. 

Sponsor and Enforce a Well-formulated First-aid Program 

The most advanced program in industrial safety will never be able to 
eliminate completely all accidents and injuries. In order to care ade¬ 
quately for the injuries that do occur, a well-formulated first-aid program 
is essential. This will include training and publicity, so that the em¬ 
ployees will be fully aware of the danger of infection and ease of avoid¬ 
ance of infection through first aid. Also, a complete procedure to be fol¬ 
lowed in case of injury must be arranged, with proper instruction to all 
supervisory levels. A well-equipped first-aid room must be provided to 
caie for injured and ill employees until medical aid is available. 

Summary: Working Conditions 

Working conditions are continually being improved to make plants 
clean, healthy, and safe. Good working conditions are reflected in health, 
output, quality of work, and workers’ morale. A better place to work re¬ 
sults in better products at lower prices. 


MATERIAL HANDLING 

The eighth primary approach to operation analysis is material han¬ 
dling. Material handling is not new. Through the years, industry has 
recognized the application of the old principles of mechanics—the lever, 
the wheel, and the inclined plane to make the job of moving, shifting’ 
lifting, and carrying easier and faster. Today, material handling has 
grown into a full science of methods and equipment, which ties together 
productive and nonproductive operations and makes them a large pro¬ 
duction unit. The American Material Handling Society defines material 
handling as being the “art and science involving the movement, packag¬ 
ing, and storing of substances in any form.” It will be noted that this 
definition takes into consideration the smallest particle to the largest unit 
that can be moved. The methods analyst must realize that the handling 
of material is an essential part of an operation, and usually consumes 
the major share of the time of that operation. Also, material handling 
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adds nothing but cost to the product, and the more of it that can be 
diminished, the more competitive will be the product. 

The tangible and intangible benefits of material handling can be re¬ 
duced to four major objectives, as outlined by the American Material 
Handling Society. These are: 

1. Reduction of handling costs 

a) Reduction of labor costs 

b ) Reduction of material costs 

c) Reduction of overhead costs 

2. Increase of capacity 

a) Increase of production 

b) Increase of storage capacity 

c) Improved layout 

3. Improvement in working conditions 

a) Increase in safety 

b) Reduction of fatigue 

c ) Improved personnel comforts 

4. Better distribution 

a) Improvement in handling system 

b) Improvement in routing facilities 

c) Strategic location of storage facilities 

d ) Improvement in user service 

e) Increase in availability of product 

An axiom that the methods analyst should always keep in mind is that 
the best handled part is the least manually handled part. Whether dis¬ 
tances of moves are large or small, the methods analyst should study 
them with thought toward improvement. By giving considerations to 
these four points, it is possible to reduce the time and energy spent m 
the handling of material: 

1. Reduce the time spent in picking up material. 

2. Reduce material handling by using mechanical equipment. 

3. Make better use of existing handling facilities. 

4. Handle material with greater care. 

Reduce Time Spent in Picking up Material 

Many people think of material handling only as transportation and 
neglect to consider positioning at the work station. It is equally impor¬ 
tant, and since it is often overlooked, it may offer even greater oppor¬ 
tunities for savings than transportation. The job of reducing time spent 
in picking up material is to minimize tiring, costly manual handling at 
machine or workplace. It gives the operator a chance to do his job taster 
and with less fatigue and also with greater safety. 

Consider the possibility of avoiding loose piling on the floor. Perhaps 
the material can be stacked directly on pallets or skids after being proc¬ 
essed at the work station. This can result in substantial reduction of 
terminal transportation time (time material handling equipment stands 
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Courtesy: The Material Handling Institute 

FIG. 5 - 10 . Typical handling equipment used in industry today. 
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L--- 1 “ Courtesy: The Material Handling Institute 

FIG. 5-H. Typical handling equipment used in industry today. 

tables that can place sheets of material at proper feeding height for 

hoistingmlrl either motorized 

nr has a winch mechanism. Another well-known positioning aid 
welding positioner. Latest models provide for powered rotation and 
elevation of materials to permit downhand welding motions. 

1 The Bethlehem Steel Company in their Lebanon, Pennsylvania, plant 

"*7,?.bl. .o P"f on »»'•“A" t '.bL“ 

punch ta their cold rolled department. 2 The twenty-four foot table is 

^"“Handling Shorts,” Factory Management and Maintenance, Plant Operation Li- 
brary No. 134 , Better Material Handling, a $2-Billion Target. 
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In order to assure greatest return from material handling equipment 
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consider possibilities for putting it to use a greater share of the tirne^By 
relocating production facilities or adapting material handling equipment 
for diversified areas of work, greater utilization may be achieved. 

Handle Parts with Greater Care 

Industrial surveys indicate that approximately 40 per cent ol: plant^ac¬ 
cidents are a result of material handling operations. Of this, 25 per cent 
arecaused by the lifting and shifting of material When care ^xe- 
cised in the handling of material and when the physical effort of mate 
rial handling is transferred to mechanical mechanisms, fatigue and a 
ddents are Educed. Records prove that the safe factory is a so an 
efficient factory. Although it is factual knowledge that the greater the 
amoun o mechanized material handling, the safer the factory is, the 
analyst must consider the possibility of making the handling equipment 
safer too. Safety guards at points of power transmission, sa e opera i g 
practices, good lighting, and good housekeeping are essential to make 

-tKSS deduction of product damage by better 
handling. If the number of reject parts is at all significant in the han¬ 
dling of parts between work stations, then this area s ou e mv 
gated Usually, damage to parts in handling can be kept to a minimum 
I specially designed racks or trays are fabricated to hold the parts im¬ 
mediately after being processed. For example, one manufacturer of air- 
cral engU parts incmred a sizable number of damaged external threads 
on one component that was stored in metal tote pans after completion 
of each operation. When the tote pans filled with parts were moved to 
the next work station by two-wheeled hand trucks, the mac me g 
Ings bumped against each other and the sides of the metal pan o such 
a^extent that they became badly damaged. Someone investigated^ the 
cause of the rejects and suggested making wooden racks with indi¬ 
vidual compartments to support the machined forgings. 1S ^ 

the parts from bumping against one another and against the sides o tl c 
metal tote pan. Production runs were also more easily controlled m 
view of faster counting of parts and rejects. 

Summary: Material Handling 

The analyst should always be on the alert to eliminate inefficient han¬ 
ding of material. Harry E. Stocker covers the following principles th 
should be considered in doing a better job in materials handling: 

1 Maximum economy is obtained in handling materials by reducing the 

L terminal time of materials handling equipment to the minimum 

2. Economy in handling obtained as the size of the handling um 
—^ry E. Stocker, Materials Handling (2nd ed.; New York: Prentice-Hall, Inc., 
1951). 
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16. Economy is obtained when materials are moved by gravity. 

It may be well to reiterate that the predominant principle to be lcent 
handled. ^ ** *“ ^ 3 iS ~% “d, ^it K 


11 . 

12 . 

13. 

14. 

15. 


PLANT LAYOUT 

ment°in ky ° Ut i " 1 ^ olves designing a plan to place the right equip- 

ment m a manner and location that will introduce maximum economy 
during manufacturing processing. ° y 

th £ lt | 1 ° U § h ^ - iS d l fflcuIt and costI >' to make changes in arrangements 
that already exist, the methods analyst should be trained to revifw with 

wirPno ey 7 T/ 7 POrti ° n ° f ^ ** he -mes Tn conTS 

IndiH f°f “ b,d< '“ " d ’ «>not be reStpZ 

Indneet labor expense of long moves, backtracking, delays a,,d,, 

asLf^s i“ “ ch “ c ot 5 
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In general all plant layouts represent one or a combination of two 
basic types of layout. These are product or straight-line layouts and 

£- - “ t^ ^ 

ri 

““mere are — distinct disadvantages of product po„p»8 which 

should be kept in mind before making any m.,or d»(t» 

Since a broad variety of occupations are represented m a small area, 
employeeTdiscontent^can really be fostered. This is especrally true 
when die different opportunities carry a J mt0I train . 

ferential Because unlike faciUties are grouped together, operator t 
in2 becomes more cumbersome since no experienced employee on a 
Sen facility may be located in the immediate area to tram the new 
man The probleL of finding competent supervisors is also, enhanced, 
2e to the variety of facilities and jobs that must be supervised. Then 
too this type of layout invariably necessitates greater mitral investment 
too, this typei ot ity ^ required, such as air, water, gas oil, 

and'power. Another disadvantage of product groupmg ttet c^n^'esu t m 
indirect costs is the fact that this arrangement of facilities tends to g 
twasual observer the thought that disorder and chaos prevail. With 
these conditions, it is often difficult to promote good housekeeping 
In general, the disadvantages of product grouping are more h an off- 

set P b rs 

mmmim 

nroduct grouping. 
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for long moves and backtacW^n 8 ^ thT^ gr ° Uping is the chllncc 
bons on diversified machines. For eiample'Vth 1 ™ 6 3 ° f 0pera ' 
job specified a sequence of drill turn miS f ^ ° peration card of a 
ment of the material from one ecnt' rea ”’ grind > the move- 
costly. Another major disadvantage of n C ° Uld prove extremely 

=«!™ wss,^ t 

thepkntft itoM ,nd 

Will be more satisfactory. ’ h a P rocess of layout 

ture of their operatauw areTsimilar T th ° Ugh na ‘ 

Principal points forlyout improvSL the 

2 for^he^next operation.^ UCd ° n ma *®ri a l laid aside should be in posi- 

' deliveri&^am^the'materiafdiould^e'co S ^° U ! d P*™* short moves and 
3. For multiple machine opera ions In COnven3ei ? t to the operator. 

the operator. opera tl o„ s -e qui p meilt should be Rouped around 

searching anVrehaidffag^ 386 ar6aS should be arranged to minimize 

production Zlfs™ effic,enc y—service centers should be located close to 

Making the Layout 

methods analyst * n old o ne corrected, the 

i ,,ne ” d “ 

ment. 7 “g m ^hmes and material handling equip. 

, «£ - „ M , g o( ^ ^ 

6 n°rf b 6 Ch r nges in P roduct desirrn. 

dows, doors, columnsfarld refnforcel areas!™ ^ facilities > win- 

a flow process chart f, (see a chfpter r 3 f th f.? alyst shou,d then construct 

lers, and fine supervisors. These men wtk 
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1 „ ym . ,ke, 

SfbeTw SSuS when th. **«> W™* ■> «*““)' “">■ 

In the making of the tfe construction of the 

of all facilities. There are severa P tQ a scale of 0 ne-fourth inch 

templates which are usua y con is quite large, when a scale 

equals one foot, unless the size of t p J T existing layout is 

of one-eighth inch equals one f-t inay bejed. ^ ^ q{ 

available, a blueprint can be m . two-dimensional tem- 

,h. ptint for nse „. £"• “£«.e<l in Fig*. ^ 

plates can be purchased ln P rmt ’templates on a good grade of 

Of course, the analyst can raw 1 advan tages of using stiff card- 
stiff cardboard and ait them ou. h^ ^ t0 \ e used seve ral times^ 
board are apparent if th gehanical Engineers has recommended 

These recommendations are herewi 

Part I. Templates ^ 

and inches. , , pr , u i Dme nt in heavy line indicating the 

2) General Outline. Outline o , \ ^ if a p l U mb line held at a height 

ns®* be ” ‘ 

detail. (See recommended lines below.) 

flom 

m h - n Detail parts and substructures 

-Clearances for moving parts of machine tools or 

— — — — — equipment 

_M_edium Vot and Dost. p^“^ ic e r d^rSi^M^other elements impor- 
tant to the template 
_ T hin Center Line Center lines 

ter toes, loading points, contro^ point amSJ^ Enough d tai , of 
cated using a lighter line tton usedj^ h^ ^ out line of the template to 

Englneers ’ 29 west 

£/-v.i n l Ynri' N.Y. 
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4) Clearance , All clearance lines including movable parts, service access 
points and clearances required for feeding or operating should be shown in 
broken dash lines. Space allowed for material storage and other purposes, not 
required specifically for the equipment installation, service or operation should 
not be included in the template. 
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5) Interferences. Parts or structures above the 7 ft. height, or foundations 
or substructures below floor level, should also be indicated. These are usually 
of importance to the installation or operation of the machine or might serve as 
obstructions. It is usually required that they be shown on final drawings. These 
features should be drawn in light broken lines of a different character than 
clearance lines. 

6) Data. On templates of equipment with top surface of varying height, 
the point of maximum height should be indicated on the templates with a 
suitable symbol. The over-all length, width, and height, including machine 
travel clearances, but not including operating or feeding clearances, also weight 
and horsepower, should be specified on or adjacent to the template. 

7) Identification. Space should be provided on the template to specify the 
name, style or model, size, and user’s identifying number. 

8) Miscellaneous. Indication of controls, service facilities, connection 

points, or conduit or pipe risers, operator’s position, and any other special fea¬ 
ture should also be included on the template or included in the data. The op¬ 
erator’s position should be indicated by a heavy arrow (. > ). 

9) Printing. Templates should be printed on both white and colored stock 
of at least 110 lb. weight, index bristol or equivalent. Various classes of equip¬ 
ment should be printed with black ink on stock of distinctive colors to permit 
ease of perception. Colors for colored stock templates are: 


Class Color 

Machine tools, mechanical equipment, and similar devices..Salmon 

Office equipment; stationary equipment, such as benches, bins, racks, 

lockers; service facilities, such as lavatories, toilets, etc.Green 

Material handling equipment..^ ellow 


Space occupying portable auxiliaries used for material handling or tem¬ 
porary storage (such as skids, tote pans, pallets, trays, etc.). 


Part II. Models 

10) Scale. All models shall be made to a scale of U in. equal to 12 in. of 
full scale or 14 in. equal to 1 ft., U.S. measure. 

11) Detail. The amount of detail to be designed into the model shall be 
governed by its utilitarian value. Sufficient detail as to form, shape, contours, 
special design features, etc., should appear to make the model readily distin¬ 
guishable as representative of the actual equipment. Unless no other means of 
detailing are possible, no moving parts should be designed into the model. All 
points of control should be clearly indicated. Hazard areas should be clearly 
indicated. All normally moving parts should be shown in mid-point or neutral 
positions. Models should in no way be distorted from actual appearance of the 

equipment represented. -uni 

12) Finishes. All models prepared for distribution commercially shall be 
finished with materials and in colors, duplicating as nearly as practical the fin¬ 
ishes most frequently used in the object represented. Where there is a multi¬ 
plicity of finishes normally used, models can be finished correspondingly. (Ex¬ 
ample, office furniture.) In the case of machine tools, the manufacturers 
standard should be followed insofar as practical or the recommendations of the 
Machine Tool Builders Association. 

In the case of equipment having machined surfaces, these can be indicated 
with aluminum paint. 

Control points can be indicated by application of light-buff paint as recom¬ 
mended for two-tone painting of equipment for better visability and safety. 
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Where models are made and/or used exclusively by one company or client 
their particular practice should be followed. 

13) Allowances and Clearances. No dimensions should be exaggerated in 
the model to allow for clearances. With each three-dimensional model shall be 
provided a two-dimensional template showing all clearances required under 
extreme operating and service conditions of the machine proper. The template 
shall not show requirements of operator, materials, auxiliaries not fixed to the 
machine, or other conditions not required in the basic machine or equipment. 
The template shall be imprinted with all pertinent information required by the 
planning engineer and shall include or provide for at least the following infor¬ 
mation: Name or description, model number, type, size, owner’s identification 
number, maximum clearance dimensions (length, width, height), center lines 
and weight. Where the template is too small practically to contain all the fore- 
going information, the name and model number only shall be provided. Where 
possible, data on overhead or underground requirements should be shown. 

ote. See Part I (of the Standard) covering plant layout templates. 

14) Materials and Construction. Models shall be made of any suitable ma- 
tenal that will permit normal handling without distortion or damage to finish. 
It should resist fracture or spalling when coming in contact with other models 
or materials in general. It should resist breakage or distortion when dropped 
from a height of 2 ft. onto a solid hard surface. Models should have sufficient 
weight and balance to remain in position when normally arranged and subject 
to slight jarring or vibrations. The base of the model should be so designed as 
to permit it to remain in a position once placed or to be fitted with pins to 
permit fastening in position. These are to be optional with the user. 

Where pins are used, the template should be pierced with holes to allow the 
model to become accurately located in relation to the template, and the en¬ 
tire assembly held in position on board by the pins fitted to the model base. 

15) Identification. Models shall bear the name and/or trade-mark of the 
equipment represented. The model number or size description should also be 
included if possible. Abbreviations or initials should be used where practical. 
The markings should be made in the most suitable place, rather than attempt- 
ing to place them in the same position as on the actual equipment. 

16) General. Models shall be so designed and constructed to permit them 
to be used in conjunction with standard templates designed to represent the 
same identical items of equipment. 

The establishment of the above standards should prove quite helpful 
to plant layout and methods engineers by eliminating misunderstand¬ 
ings and consequent errors that have developed in the past through mis¬ 
interpretation of varying techniques of plant layout templates and 
models. 

During the early part of World War II, scale models were developed 
as an aid to plant layout. These models give the third dimension to plant 
layouts, and are especially helpful to the analyst when he is endeavor¬ 
ing to sell his contemplated layout to a top executive who has neither 
the time nor the familiarity to grasp all details of the layout when it has 
been constructed on a two-dimensional basis. 

Once all necessary templates have been made, a trial layout can be 
prepared. By giving consideration to the principal points for efficient 
layout and by providing adequate output capacity at each work station 
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From Factory Management and Maintenance , Oct., 1952 
FIG. 5-13. Template layout of portion of a large industrial plant. 

without introducing bottlenecks and without interrupting the flow of 
production, good layouts will be evolved. 

After an ideal layout has been designed, it is well to construct a flow 
chart of the proposed plan so that reduction of distances traveled, stor¬ 
ages, delays, and over-all savings will be highlighted. This will greatly 
facilitate final approval of the design. A good technique for testing t e 
layout is to wind colored thread around the map tacks holding down the 
templates, and with the thread follow the flow of the product from its 
raw material components to its transformation into a finished product. 
By using a different colored thread for every line of product produced, 
the flow of all work can be visualized quite rapidly. This pictorial 
presentation, supplemented with the flow chart, will bring to light 
most flaws of the proposed method. 

Making the Floor Plan 

After the layout has been approved, it is converted in final detail on 
plant layout drawings prior to going ahead with the physical move. No 
standards have been accepted on either a national or an industrial basis 
as to just what information should be included on the layout drawing. 
Too much detail will obviously confuse the interpreters; too little detail 
is even worse because many questions that come up will be unanswered. 
Randolph W. Maffick and Armand T. Gaudreau 7 have summarized 
fourteen items which every layout drawing should include. These are: 

7 Randolph W. Maffick and Armand T. Gaudreau, Plant Layout Planning and 
Practice (New York: John Wiley & Sons, Inc.), p. 110. 
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1. Title and scale of the drawing. 

2. Sketch number. 

3. Approval space. 

4. Detail notations for use of plant engineer. 

5. Construction notations for architects and detail engineers. 

7 Direction^n e f tin g’ ^S^ting, ventilation, and communication facilities. 
/. Directional locations and orientation on plant site, 
o. Transportation and handling facilities. 

9 ' d a V ^n! ad ° bstrl f ions ’ and obstructi ° n s below floor levels where form- 
dations or superstructures are necessary. 

10. Machine-tool and equipment identification number. 

11 . Column numbers. 

12. Service outlets for gas electricity, water, air, and other utilities. 
c- ire P lotectlon an< 3 other safety apparatus notes. 

14. Signature and date. 

If all these items are included on the plant layout drawing it can be 
used with assurance for the installation of machinery and equipment 
Photographic copies are frequently substituted for drawings in the 

LTa Td 7 ^s. method saves the laboL'soal- 

g and detailed drawing of machinery and other facilities. One corn¬ 
ea 7 T S / eX n b1 ?’ pI f St , iC tenl P lates > are colored, translucent 

clear ra nla s e ti ni ? W ^ She6tS 816 flexible ’ matte-finished, 

clear plastic. Templates are made with a photosensitive matte film 

tirus allowing one drawing of a facility to serve as a master to repro- 
nleteri ? f ° r 3 ldentical e q ui Pment. Once the layout is com- 

throSh^ direCtIy fr ° m the '“bout by running it 

through a standard printing machine. ® 

Summary: Plant Layout 

Possibilities for plant layout improvement are most likely to be un- 

chfaes should^ ^ IO ° k ? f ° r SyStematiCall >'- Work stations ma- 
nrndu i ^ t0 P ermit th e most efficient processing of a 

product with a minimum of handling. Do not make a change in layout 

mtd a careful study of all factors involved has been made. The methods 

the ollnt e ^ "f t0 rec ognize poor layout and present the facts to 
the plant engineer for his consideration. 


rKINCIPLES OF MOTION ECONOMY 

w .T h i C n ' aSt ° f th( . ten P rimar y approaches to operation analysis has to do 
with improving the arrangement of parts at the workplace and of the 

h Sven to ri mr I t0 T the taSk ’ In Chapter 7 ’ c °usiderable detail 
s given to the laws of motion economy. At this point, consideration will 

bejiven only to investigation of motion economy as practiced by the 
ings Without Drafting,” f Q raw - 
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methods analyst. When studying work performed at a work station, the 
analyst should ask: 

1. Are both hands working at the same time and in opposite symmetrical 

direction? „ . i 0 

2. Is each hand going through as few motions as possible. 

3 Is the workplace arranged so that long reaches are avoide . , , 

4. Are both hands being used effectively and not being used as a holdi g 

device? 

If the answer to any of the above questions is no, then there are op¬ 
portunities for improvement of the work station. 

Both Hands Should Work at the Some Time 

The left hand, in right-handed people, can be used just as effectively 
as the right hand and should be given just as much consideration for 
use. It is common knowledge that a boxer learns to jab more effectively 
with his left than with his right hand. A stenographer will be just as pro¬ 
ficient with one hand as the other. In a large number of instances, work 
stations can be designed to do “two at a time.” This is a good slogan or 
the methods analyst to keep in mind. By providing dual :fixtures *as 
to hold two components, it is often possible to have both hands work¬ 
ing at the same time and making symmetrical moves m opposite direc¬ 
tor example, a production increase of 100 per cent was made possible 
bv developing a fixture that utilized two-handed operation and per¬ 
mitted grinding two motor brushes at a time. The old method involved 
a one-handed operation, as only one piece was done during each grin 

ing cycle. 

Each Hand Should Go Through As Few Motions As Possible 

It is just common sense that the more motions the hands make 
while performing a task, the longer it will take to do the work All han 
motions are a series of reaches, moves, grasps positions, and releases 
and the more of these fundamental motions that can be eliminated or 
reduced the more satisfactory will be the work station. 

For example, by providing drop delivery and gravity chutes. it is pos- 
sible to eliminate certain moves and positions and reduce release toe. 
Likewise, installation of a belt conveyor to bring material to the work 
station and carry away the processed part will usually result in reduced 
“move” time. Position is usually a time-consuming basic division of ac¬ 
complishment that in many instances can be minimized through well- 
designed fixtures. By the use of tapered channels and pilots, two mating 
parts can readily be assembled with considerable reduction or elirnma 
tion of the positioning element. 
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jl w era, ° r " b"« W s W ’ ,h b °’ h hand! - 

m. °™ ‘”9 «—/». 

on the distance the hand musfmove dependent to a great extent 
related to distance. If at all no^'W plkewis e, move time is deflnitelv 
f P*«s *re in oav, reach b rfi£“ W “ t P ,a “ should h, airanged 

=: ““ *“ *“■ 

iha, 

Ay °st Ihf ? ''a'"' 41 ° Holding Device 

r ,. o, sii'.fss-*- *-««»*—« 

c,„ ttiLteT ”t 7* M “P *«, f7 

both hands for productive work. The therbli^ 4 Utilizatio ” of 

therbhg, hold/’ represents an inef- 
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Courtesy: Alden System* Co. 

, w - lt h all components arranged so as to 

FIG. 5-15. Ideal assembly wor s a reaches an d moves. 

— r b= " 11 

practically possible, trom au 

Summary: Principles of Motion E«nomy ^ & frame . by .f r ame 

It is not necessary for the methods ana y ^ - n order t0 analyze 

analysis, characteristic of the micromo P principles of motion 

a work station from the stan P" 1 improvements by carefully 

economy. He will be able to mtroduce ma^ ^ subject b 

watching the operator perfor t ^ ^ questions related to motion 

ments will be diminished. 

* t- w-r r::rr-«— 

Regardless of the nature o the wo ^ wbe „ system atic operation 
tent, process or job shop, soft “ n er sonnel, real savings will result. It 

analysis is applied by competent p ^ as app i ica ble in the 

must be remembered that thes p P, of wor k already m P 10 ^' 

planning of new work as m will help crystallize 

. ts-sisr- woi«. - ■>'- 
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|—SELECTION OF PROJECT 


-Wew Plants and Plant Expansion 

-Wew Products 

- Products with High Cost-Low Profit Ratio 

- Products Unable to Meet Competition 

- Manufacturing Difficulties 

- Application of New Methods 


Obtain Production Requirements 

Procure Engineering Data _ 

List Bill of Materials _ 


NEW 


PRESENT 



Obtain Production Requirements 

Procure Engineering Data 

Procure Manufacturing and Cost Data 

Descriptions or Sketches of Work Stations and Special Tools 

Construct Flow Process Chart for Individual Items 


- Analyze Each Step Based on Ten Primary Approaches 

- Record proposed Method 

- Analyze and Evaluate Proposed Method 

- Construct Flow Chart of Proposed Method 


- Present the New Method 

- Install the New Method 

- SUMMARY - r ,, r , t c. j a 

- Establish New Time Standards 

- Follow Up the New Method 

FIG. 5—16. General flow of analysis procedure. 

velop better working conditions and methods, so that the worker can do 
more work at the plant, do a good job, and still have energy to enjoy life. 

A representative case history which follows the method of analysis 
referred to, was that of the production of an Auto-Starter, a device for 
starting A.C. motors by reducing the voltage through a transformer. A 
subassembly of the Auto-Starter is the Arc Box. This part sits in the bot¬ 
tom of the Auto-Starter and acts as a barrier between the contacts so 
that there will be no short circuits. The present design consists of the 
following components: 


Asbestos barriers with three drilled holes. 6 

Spacers of insulating tubing 2" long.15 

Steel rods threaded at both ends. 3 

Pieces of hardware. 18 

Pieces Total.42 


In assembling these components the operator places a washer, lock 
washer, and nut on one end of each rod. The rods are then inserted 
through the three holes in the first barrier. Then one spacer is placed on 
each of the rods (three in all), and another barrier added. This is re¬ 
peated until six barriers are on the rods and separated by the tubing. 

It was suggested that the six barriers be made with two slots—one 
at each end—and that two strips of asbestos for supporting the barriers 
be made with six slots in each. 
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These would be slipped together and placed in the bottom of the Auto- 
Starter as needed. The manner of assembly would be the same as that 
used in putting together the separator in an egg box. 

A total of fifteen suggested improvements resulted after the analysis 
was completed, with the following results: 


Old Method New Method Savings 

42 parts. 8 34 

10 work stations. 1 9 

18 transportations. 7 11 

7,900 feet of travel.200 7,700 

9 storages. 4 5 

0.45 hours time. 0.11 hours time 0.34 hours 

$1.55 costs. $0.60 $0.95 


A program of operation analysis resulted in a 17,496-ton annual saving 
for one Ohio company. By forming a mill section into a ring and welding 
it, an original rough-forged ring weighing 2,198 pounds was replaced. 
The new mill section blank weighed but 740 pounds. The saving of 
1,458 pounds of high-grade steel, amounting to twice the weight of the 
finished piece, was brought about by the simple procedure of reducing 
the excess material that had been cut away in chips. 

An analytical laboratory in a New Jersey plant has applied the prin¬ 
ciples of operation analysis with gratifying results. New workbenches 
have been laid out in the form of a cross so that each chemist has an 
L-shaped worktable. This arrangement allows the chemist to reach any 
part of his work station by taking but one stride. 

The new workbench has consolidated equipment, thus saving space 
and duplication of facilities. One glassware cabinet services two chem¬ 
ists. A large four-place fume head allows multiple activity in this area 
that formerly was a bottleneck. All utility outlets are relocated for 
maximum efficiency. 

A state government activity, in an effort to streamline its organization, 
developed a program of operation analysis that resulted in an estimated 
annual savings of more than 50,000 hours. This was brought about by 
combining, eliminating and redesigning all paper-work activities, im¬ 
proving the plant layout, and developing paths of authority. 

Application of method improvement is equally as effective in office 
procedures as in production operations. One industrial engineering de¬ 
partment of a Pennsylvania company 9 was given the problem of simpli¬ 
fying the paper work necessary for shipping molded parts manufac¬ 
tured in one of their plants to an outlying plant for assembly. A new 
method was developed that reduced the average daily shipment of 45 
orders from 552 sheets of paper forms to 50 sheets. The annual savings 

9 From a talk by Lynell Cooper, Manufacturing Engineer of Westinghouse Elec¬ 
tric Corporation, to the central Pennsylvania chapter of the Society for Advancement 
of Management. 
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in paper alone brought about by this change was $366.60. In addition, 
Table V indicates the reduction in work performed. 

TEXT QUESTIONS 

1. Can nickel he spot welded to lead? To Monel? To zinc? 

2. In what four ways should investigation be made in order to improve proc¬ 
ess of manufacture? 

3. Explain how rearranging operations can result in savings. 

4. What process is usually considered the fastest for forming and sizing op¬ 
erations? 

5. How should the analyst investigate the setup and tools in order to develop 
better methods? 

6. Why should the methods analyst accept as part of his responsibility the 
provision of good working conditions? 

7. Give the requisites of effective guarding. 

8. What are the two general types of plant layout? Explain each in detail. 

9. To what scale are templates usually constructed? 

10. What is the best way to test a proposed layout? 

11. What questions should the analyst ask himself when studying work per¬ 
formed at a work station? 

12. For what purpose is operation analysis used? 

13. Explain the advantage of using a check list. 

14. What are the primary approaches to operation analysis? 

15. On what does the extent of tooling depend? 

16. How can planning and production control affect setup time? 

17. Do working conditions appreciably affect output? Explain. 

18. How can you best handle a material? 

19. Explain the effect of humidity on the operator. 

20. What are some of the physical effects on the workmen when exposed to 
intermittent noise? 


GENERAL QUESTIONS 

1. Where would you find application for a hydraulic elevating table? 

2. What is the difference between a skid and a pallet? 

3. Explain the significance of the colored code for stock templates. 

4. When would you recommend the use of three-dimensional models in lay¬ 
out work? 

5. What is the general flow of analysis procedure when applied to a product 
that has never been manufactured? 

6. In a process like operation analysis is it necessary to determine the point 
of diminishing returns? Why? 


CHAPTER 6 


Man and Machine, Gang, and 
Operator Process Charts 


O NCE AN OPERATION HAS BEEN 

found necessary through analysis of the operation and flow process chart, 
it may frequently be improved through further analysis. The three 
process charts discussed in this chapter are helpful tools for further 
analyzing certain operations under specific conditions. These process 
charts are: 

1. Man and machine process chart. 

2. Gang process chart. 

3. Operator process chart. 

Man and Machine Process Charts 

While the operation and flow process charts are used primarily to ex¬ 
plore a complete process or series of operations, the man and machine 
process chart is used to study, analyze, and improve but one work station 
at a time. This chart shows the exact relationship in time between the 
working cycle of the man and the operating cycle of his machine. With 
these facts clearly presented, possibilities for a fuller utilization of both 
idle man and machine time and better balancing of the work cycle exist. 

Today, many of our machine tools are either completely automatic, 
such as the automatic screw machine, or are partially automatic, such as 
the turret lathe. In the operation of these types of facilities, the operator 
is often idle a portion of the cycle. The utilization of this idle time can 
increase operator earnings and improve the efficiency of the production. 

The practice of having one employee operate more than one machine 
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is known as “machine coupling.” Machine coupling is not new. One plant, 
during the depression of the middle 1930’s, was unable to justify the 
amount of incentive earnings being turned in by the second shift in one 
of the machining departments. Investigation revealed that the operators 
were practicing machine coupling on their own initiative. 

Today, some industries have encountered resistance from organized 
labor to the practice of machine coupling. The idea of “one operator for 
each machine” is to some extent a holdover from early World War II 
days when an acute scarcity of machine tools existed. At that time, it was 
essential that each machine tool be run to its full capacity every shift 
each day of the week. To accomplish this, one operator per machine was 
the logical answer. 

The best way to sell machine coupling is to demonstrate the oppor¬ 
tunity for added earnings. Since machine coupling will increase the 
percentage of “effort” time during the operating cycle, the opportunity 
for greater incentive earnings is enhanced. 

Construction of the Man and Machine Process Chart 

In the construction of the man and machine process chart, the analyst 
should first identify the chart in the usual fashion by indicating at the 
top of the sheet “Man and Machine Process Chart.” Immediately below 
this heading, the following information should be included: part number, 
drawing number, description of operation being charted, present or 
proposed method, date, and name of person doing the charting. 

Since man and machine charts are always drawn to scale, the analyst 
should next select a distance in inches to conform with a unit of time so 
that his chart can be neatly arranged on his paper. The longer the cycle 
time of the operation being charted, the shorter the distance will be per 
decimal minute of time. Once exact values have been established for 
distance in inches per unit of time, the analyst can begin his charting. On 
the left-hand side of the paper, the operations and time for the man are 
shown, and to the right of the man time is shown graphically the working 
and idle time of the machine or machines as the case may be. Working 
time on the part of the man is represented by a solid line drawn verti¬ 
cally. A break in the vertical man-time line signifies idle time. Likewise, 
a solid vertical line under each machine heading indicates machine op¬ 
erating time, and a break in the vertical machine line designates idle 
machine time. Loading and unloading machine time is shown by a 
dotted line under the machine column, indicating that the machine is 
neither idle nor is production work being accomplished at the moment 
(see Figure 6-1). 

All elements of occupied and idle time for both the man and the ma¬ 
chine he operates are charted until the termination of the cycle. At the 
foot of the chart is shown the total working time of the man plus his total 




idle time. Likewise, the total working time of each machine plus each 
machine idle time is charted. The productive time of the man plus idle 
man time must equal the productive time plus idle time of each machine 
he operates. 

It will be noted that accurate elemental time values are necessary be¬ 
fore the man and machine chart can be constructed. These time values 
should represent standard times 1 which include an acceptable manufac¬ 
turing allowance to take care of fatigue, unavoidable delays, and personal 

1 See Chapter 17. 
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MAN & MACHINE PROCESS CHART 

Subject Chart*'! Grinding internal threads of housing Chart No -EH- 

Drawing No.—M^im _ Part No. b-i 976 - 3 __ Chart of Method Present 

Chart Begins pick up part and load machine _ Charted By, E - B - Watmou . gft - 

Chart Remove ground part from machine _ Pet* 3 ~ 15-55 Sheet A^af —iL 




FIG. 6-2. Man and machine process chart of thread-grinding operation with one man 

operating one machine. 


delays. In no case should over-all stop-watch readings be used in the 
construction of the chart. 

The completed man and machine process chart clearly shows both idle 
machine and man time. These areas are generally a good place to start 
effecting improvements. 

The analyst must be careful not to be deceived by what looks like an 
appreciable amount of idle man time. In many instances, it is far more 
economical to have a man idle a portion of a cycle rather than chance an 
expensive piece of equipment or process being idle even a small portion 
of the time. In order to be sure that his proposal is the best solution, the 






mana nd mac,me, gang, and o p E , atob PK)cess CH4trs 


11 


MAN & MACHINE process chart 





■r‘“” Pernod Present 

Charted By _E. b. Watmough 

wrrowiTH® 

- GRINDER 


Idle 


Grind 
(second pass)' 


Stop grinding wheel 
Stop machine spindle 

Run grinding wheel back 6" 


°PM chuck and remove piec<( 
Luy piece aside 


• OOuj 
.0003 


.0028 

.0007 

.0009 


.0075 


Unloading 


.0041 


Time per piece 
Cycle time 


.0277 hrs. 
.0277 hrs. 


Working ma»'to, 'percale J”; 


Idle 


Idle machine time per 
cycle 

Working machine time 
per cycle 



analyst must know the cost nf +i^ vu r 

idle man. It is on]y when^ totaf coZ ^ W ° U as the cost of th, 
recommend one method over another 1S p. COnsidered d 131 one can safe]) 
chart that represent /£ 

Using the Man and Machine Process Chart 

preliminarytavestigTtioTrewalT 1 thaMhiT^S 6 chart when his 

“ s ~hat shorter than theZ^ r'T 7^ ° f the °P erat <* 

has completed the chart, the hgical’plac/ toc™ °” Ce he 

6 place to consider improvement 
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MAN &MACH/NF PROCESS CHART 

. threads of housing Chart No* -- ■ 

^ —^„ dmachi ne - 



inMFS F LAMSON JONES &LAMSON 

«ss 

r.QiNntt NQ.L- JiRiNDc* 


FtcMFM T DESCWTJQ tL 

Stop grinding wheel mch. #1 
Stop machine spindle machine #1 


Run grinding wheel back 6 
machine # 1 


Open chuck and remove part 
machine # 1 

Lay aside part 

Pick up new part from table 

Place part in diaphragm 
chuck machine #1 

Close diaphragm chuck mch. #1 
Start mch. (spindle) mch #1 
Start grinding wheel mch. #1 

Run grinding wheel forward 
6" 


Engage feed 

Walk to machine #2 
Stop grinding wheel mch. #2 
Stop machine spindle mch. #2 

Run grinding wheel back 6 ’ 
machine #2 

« "* ™ ” 

bilities „ during dr. * ^ ** 

mt of this time, he should investigate. 

fltogC* or y gagin P g part during the idle tune. 

„*b>. «!»■“ ““ p b « r «i 

speed and feed of the nrachnie. This rnayje ^ ^ total 

;re otherwise it would not ave P di } lc t0 practice machine 

usssss^ssss % «»- - - * 
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MAN D MACHINE PROCESS CHART 
Subject Chatted Grinding internal th reads of housing ^ Q19 

<Wn S 


Chart Begins Plck U P part and load machine 


Chart Ends R ^ move ground part from machine 


-Charted By 

— DatelliL^s 


E. B. Wa tmough 

Sheet 2 o f _L. 


element DESCRIPTION OPERATOR 


JONES E, LAMSON 
INTERNAL THREAD 
GRINDER NO. 7 


JONES & LAMSON 
INTERNAL THREAD 
GRINDER NO. 1 


Open chuck and remove part 
machine #2 

Lay aside part 

Pick up new part from table 

Place part in diaphragm chuck 
machine #2 

Close diaphragm chuck Mch. #2 
Start machine (spindle) mch. #2 
Start grinding wheel mch. #2 


Run grinding wheel forward 6" 
machine #2 


Engage feed 

Walk to machine #1 

Run grinding wheel back 1" 
machine # 1 

Engage feed machine #1 


Inspect pieces from machine #1 
and machine #2 previous 
cycle 


.0007 

.0009 

.0009 

.0012 


.0003 

.0003 


Idle 


Loading 


Idle 


.0005 

.0011 

.0008 

.0005 


Machine 

Handling 


.0013 


Grind 

(second pass) 


Grind 

(first pass) 


.0058 


FIG. 6—3 (continued) 

tosT basis ™ 6 ^ ^ SUre Way t0 rnake the anal y sis is on a total 

Man and machine charts are effective in determining the extent of 
coupling justified in order to assure a “fair day’s work for a fair day’s 

pay. They are valuable for determining how idle machine time may be 
more fully utilized. 7 

Gang Process Charts 

The gang piocess chart, m a sense, is an adaptation of the man and 
machine chart. After completing a man and machine process chart, the 
analyst should be able to determine the most economical number of ma¬ 
chines to be operated by one man. However, several processes and fa- 
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cilities are of such magnitude that it is not a question of how many 
machines should a man operate, but a problem as to how many men 
should it take to man the machine effectively. The gang process chart 
shows the exact relationship between the idle and operating cycle ot the 
machine and the idle and operating time per cycle of the men who 
service it. This chart shows clearly the possibilities for improvement by 
reducing both idle man and machine time. 

Construction of the Gang Process Chart 

After heading the gang process chart, “Gang Process Chart,” and com¬ 
pletely identifying the process being plotted with part number, drawing 
number, description of operation being charted, present or proposed 


MAN & MACHINE PROCESS CHART 


Subject <~hnr+#rj Grinding internal threads of housing Chart No ■ _-- 

Drawing ^ b -1976 _ Part No. b-19? 6_ : 3 _ Chart of Method Propose d, 

Chart pick u p P art and load mdchine _ Charted By_ E - B - Watmough — 

Chart Ends Eemove ground part from machine _ Date 3/17/55 SheetJL-Of _JL 


JONES & LAMSON 
INTERNAL THREAD 

ELEMENT DESCRIPTION. OPERATOR GRINDER A/0.7 _ 


JONES & LAMSON 
INTERNALTHREAD 
GRINDER NO. 2 _ 



Walk to machine #2 


.0011 


Idle 


Run grinding wheel back 1 
machine #2 

Engage feed machine #2 
Return to machine #1 


.0005 


Idle 


Machine 

Handling 


1 


t 

I 




.0018 


Cycle time .0354 hrs. 

Time per piece .0177 hrs. 

Idle man time per cycle 0 hrs. 

Working man time per cycle .0354 hrs. 

Idle machine time per cycle .0102 hrs. 
Working machine time per cycle .0606 hrs. 


FIG. 6-3 (concluded) 
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method, date, and name of person doing the charting, the analyst should 

used As th 8 ^ 6 t0 ? Ve \ neat - a PP earin g ch "t on tire paper being 
used. As in the man and machine process chart, the gang process chart 
is always drawn to scale. 8 8 process cnart 

On the left-hand side of the paper is shown the operations being per- 
foimed on the machine or process. Immediately to the right of the opera¬ 
tion description, the loading, operating, and idle time of the machine is 
represented graphically. Further to the right, the operating and idle time 

ell °, 1 ? erat ° r ma " nin S process is illustrated by flow lines in a verti- 
irecfaon. A solid vertical line indicates productive work being done 
while a dotted vertical line in connection wtih the facility shows 22 
! er loadln g 01 unloading operations are taking place. A void in the 
vertica! flow line reveals idle time, and the length of the void determines 
the duration of the idle time. In the case of the operators, solid vertical 

mmelhTt fdf T* " befaS I 0 " 6 ’ ^ breab “ Ae solid demon 
strate that idle time is prevailing. Figure 6-4 illustrates a gang process 

Si load ' 1 ^ ?r nt tlUU “ krge nU ” ber 0f idIe rna, *diours exist. A 
better loading of the same process is shown on the gang process chart 

illustrated in Figure 6-5. The saving of sixteen hours per fhf/t wal eaX 

developed through the use of the gang process chart. y 

Using the Gang Process Chart 

inv2L!t£ St of USUalIy C ° nStrUCtS the S an § P rocess uhart when his initial 
investigation of a given operation indicates that more men are being 

hetm flnd r th e at a ti adIity “ P ’'° CCSS iS necessar >'' If he aspects this 
e win find that the gang process chart is a useful tool for determining 

the exact number of operators needed to service a machine or mocesf 

effectively^ Once the chart has been constructed, the hours of idle man 

to nerf" be anaI y zed to determine the possibility of utilizing one man 

For e^ f W ° rk eIements curre ntly performed by two or more. 
For example, m the gang process chart shown in Figure 6-4 the 
ompuny k employing two more men than needed. This is apparent 
when ,t is shown that under this process, 18.4 idle man-hours ire in- 
volved m every 8-hour turn. 

By relocating some of the controls of the process, it was possible to 
reassign the elements of work so that four, rather than six, men effec¬ 
tively operated the extrusion press. 

3 S T S pr °? SS chart of Proposed method 
shift" W, h ° U ; f Perat0rS and S ° 7 aking SavingS of 16 “an-hours per 
quite chS Pr ° CeSS ^ tbiS S ° luti0n WOuId ha ve been 

,2°™ the exam ple given in Figures 6-4 and 6-5, it can be seen that 
the gang process chart aids in dividing the available work among th^ 
members of the team that operate the equipment, and then cLrly Z 





IDLE TIME - 2.30 MAN-MINUTES PER CYCLE = 13.4 MAN-HOUBS PER EIGHT-HOUR DAY 

FIG. 6-4. 
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GANG PROCESS CHART-PROPOSED METHOD 

H,d,auhc hxtrusion P,o,s Dept, U Bellefonte, Pa . 

Charted by B.VI .N. 4-15-58 


machine 

OPERATION 


TIME 


PRESS OPERATOR PRESS 5 OPERATOR 

OPERATION TIME OPERATION TIME 


Position Billet _[.08 
Position Durnm 
Build Pressuie 


DUMMY KNOCKER 
OPERATION TIME 


PULL-OUT MAN 
OPERATION TlMEl 


Loosen fc p Uo h 
' Out Shell 

I Withdraw Ram 
& Lock Die m 
Head 


Wojklng Time 
Idle Time 



'nloek Die 

Loosen & Push 
| Out Shell 

Withdraw Ram 
& Lock Die in 
Heart 


■ 00 Mm. 


HG. «. G=„ g process chart of proposed me(hod of operoHon of hydrau|k extrus|on proceM 

Operator Process Charf 

The operator process chart, sometimes referred to as a “left- and rirfrt 

a detailed 6 ^dy it through b the 1 ^ip > ei^tor^proces 1 s t chart^nle? 1 Thf 
repetitive manual operation is involved trough motion a 1 

eliminated The result will he t 6 m0ti ° nS either reduced or 

- ** 
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Construction of the Operator Process Chart 

Although Frank and Lillian Gilbreth state that there are seventeen 
fundamental motions, and that every operation consists of s ‘ } 

of some of these elements, the methods analyst will find it piactiea 
when plotting operator process charts to use but eight basic divisions o 
accornphshment'These elemental motions with their symbols are: 


Reach. 

Gras P.M 

Move. 

Position. 


Use... . 
Release. 
Delay. . 
Hold. . 


U 

,R1 

D 

.H 


See Chapter 7 for detailed description of each of these basic divisions 

° f Although°there are several different types of delays, such as unavoid- 
ii i i ^ rnirlohlp delay rest to overcome fatigue, and balancing 
d av - the methods analyst need only indicate in the operator process 
chart” a essaTon of wor/with the identification “delay.” Often, delays 
Sfi not occur to both hands simultaneously. Thus, an operator hand- 
feeding the cross slide of his lathe would be performing use with his 
right hand while his left hand would be delayed. Other examples of de- 

hy , w.um b, tafto 1 ! s .igh. 

erator or his s g d be shown as being delayed. Delays 

Si^ a^b^iSigated with thought toward eliminating or mim- 

mi S operator process chart should be headed “Operator Process Chart” 
and this P should P be followed with all necessary identifying information 
Thic^would include part number, drawing number, operation or proofs 

description, ^j^^^^g^fgS'below^hS^entifjdng'SfornS 

r^houldte a sketch of the work station drawn to scale. The sketch will 
hSS .Sd in STentog the method under study. A typical operator 
^Sfc’hSSrwl.b a section the .be.. Jdd o«U. o„-o,d,n««o 
form in order to facilitate sketching is shown m Figure 6-6. 

After the analyst has completely identified the operation and made a 
sketch of the work station showing dimensional relationships he is rea y 
to begin construction of the operator process chart. Since this chart. is 
drawn to scale the analyst should determine by observation the duratio 
o &e cycle Then he L readily determine the amount of time repre- 
Itd by each % inch of vertical space on the chart For example,^ 
developed that the operation to be studied had a eye e i 

i ndn'i 
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ntes and there were 7 vertical inches of available charting space, then 
each y 4 inch of chart space would equal .025 minutes. 

It is usually less confusing to chart completely the activities of one 
hand, and then chart all the basic divisions of accomplishment per¬ 
formed by the other hand. Although there is no fixed rule as to what part 
of the work cycle should be used as a starting point, it is usually best to 
start plotting immediately after the 'release” of the finished part. If this 
release be done with the right hand, the next movement that would 
normally take place would be the first motion shown on the operator 
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process chart. This, for the right hand, probably would be "reach for 
new part.” If the analyst observed that the "reach” element took about 
.025 minutes to perform, he would indicate this duration by drawing a 
horizontal line across the right-hand side of the paper % inch from the 
top. Under the symbol column, he would indicate a “Re” for "reach” and 
this would be shown in black pencil, indicating that an effective motion 
had been accomplished. Immediately to the right of the symbol would be 
a brief description of the event, such as "Reach 20” for a half-inch nut. 
Immediately below, the next basic division would be shown, and so on 
until completion of the cycle. The analyst would then proceed to plot 
the activity of the left hand during the cycle. While plotting the left 
hand, it is a good idea to verify that end points of the therbligs actually 
occur at the same point as the chart indicates. This is a good check for 
over-all errors in plotting. 

It should be noted that elements must be large enough to be measured, 
since it is not possible in most instances to obtain with the stopwatch the 
time required for individual therbligs. For example, in Figure 6-6, the 
first element performed by the left hand was classified as “get U bolt.” 
This element was comprised of the therbligs, “reach” and “grasp.” It 
would not have been possible with a stopwatch to determine the time 
required to perform either of these therbligs. Only the moving picture 
camera could disclose time values as short as these (see Chapter 9). 

The observer in Figure 6-6 was using a decimal second watch and, by 
observing one element at a time, was able to break elements into periods 
as short as one second. 

After the activities of both the right and the left hand are charted, a 
summary should be shown at the bottom of the sheet, indicating the cycle 
time, pieces per cycle, and time per piece. 


Using the Operator Process Chart 

After the operator process chart of an existing method has been com¬ 
pleted, the analyst should see what improvements can be introduced. 
The “delays” and “holds” are good places to begin. For example, in 
Figure 6-6 it can be seen that the left hand was used as a holding device 
for almost the entire cycle. An analysis of this condition would suggest 
the development of a fixture to hold the U bolt. Further consideration of 
how to get balanced motions of both hands would suggest that, when 
the fixture holds the U bolts, then the left hand and the right hand would 
each assemble completely a cable clamp. Additional study of this chart 
might result in the introduction of an automatic ejector and gravity 
chute which would eliminate the final cycle element of "dispose of 
assembly.” 

The best way of doing a job is through systematic analysis of all the 
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detailed elements that comprise that job. The operator process chart 
clearly reveals the work done by each hand in performing an operation 
and shows the relative time and relationships of all motions performed 
by the hands. The operator process chart is an effective tool to: 

1. Balance motions of both hands and reduce fatigue. 

2. Eliminate and/or reduce nonproductive motions. 

3. Shorten the duration of productive motions. 

4. Train new operators in the ideal method. 

5. Sell the proposed method. 

The methods analyst should learn to make and use operator process 
charts in order to bring about improvements. 

Summary: Man and Machine, Gang, and 
Operator Process Charts 

The methods analyst should know the specific functions of the man 
and machine, gang, and operator process charts so that he can select the 
a PP ro P riate one f° r improving operations. The operator chart is adapted 
to all work where the operator goes through a series of manual motions. 
The man and machine and gang process charts are used only when ma¬ 
chines or facilities are used in conjunction with the operator or operators. 
Frequently, where an operator is employed in running a machine, it will 
be worthwhile to make a study both from the standpoint of possible 
coupling and improvement of motion pattern. Thus, it may be helpful 
to construct both a man and machine and an operator process chart. In 
summary, the functions of these three charts are: 

1. Man and Machine Chart—Used to analyze idle man and idle machine 
time. Ideal for determination of the amount of machine coupling to be 
practiced. 

2. Gang Process Chart—Used to analyze idle facility time and idle time of 
operators servicing the facility or process. Ideal for determining labor re¬ 
quirements of a production facility. 

3. Operator Process Chart—Used to analyze work station for proper layout, 
proper operator motion pattern, and best sequence of elements. Best chart 
to use for improvement of repetitive manual motions. 

TEXT QUESTIONS 

1. When is it advisable to construct a man and machine process chart? 

2. Why should the man and machine process chart be drawn to scale? 

3. How does the gang process chart differ from the man and the machine 
process chart? 

4. What is the purpose of the operator process chart? 

5. What symbols are used in the construction of the operator process chart? 
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6. Explain how you would sell machine coupling to union officials who were 
strongly opposed to the technique. 

7. In what way does an operator benefit through machine coupling? 

GENERAL QUESTIONS 

1. Why cannot average elemental times be used in construction of the man 
and machine process chart? 

2. Should base rates of pay be increased when an operator is asked to operate 
two turret lathes as a result of a man and machine analysis, whereas he op¬ 
erated only one turret lathe prior to the study? Why? 



CHAPTER 7 


Motion Study 


„ , . , , . Motion study is the careful 

naiysis of the various body motions employed in doing a job, for the 

purpose of eliminating or reducing ineffective movements, and facilitat¬ 
ing and speeding effective movements. Through motion study, the work 
is performed more easily and the rate of output is increased. The Gil- 
reths pioneered the study of manual motion and developed basic laws 
of motion economy that today are considered fundamental. They were 
also responsible for the motion-picture technique for making detailed 
motion studies known as micromotion studies, which have proved in¬ 
valuable m the study of very highly repetitive manual operations 

thafhl 10 ” S v,‘ dy ’ T the , broad sense > c °vers two degrees of refinement 
that have wide industrial application. These are visual motion study and 
micromotion study. y 

th ^ S 7l!VJ° n Study ha r S considerabl y the broader application, due to 
the fact that the activity of the work need not be as great to justify its use 

economically This type of study involves a careful observation of the 

anaTvstof a th ^ ° f ° peratOT P r0cess chart ’ and a probing 

analysis of the chart, giving consideration to the laws of motion economy 

The micromotion procedure (see Chapter 8), in view of its much 

ghei cost, is usually practical only on extremely active jobs where the 

hfe and repetitiveness are great. The two types of studies may be 

compared to viewing a part under a magnifying glass and viewing it 

annhi,,r miCr 0 SC 0 I i e ' I added detaiI reveaIed b >’ dle microscope finds 
application on only the most productive job. 

The Fundamental Motions 

° f , aCCOm P Iishmer ' t concept, developed by Frank 
Gilbreth m his early work, applied to all production work performed by 

129 
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the hands of the operator. He called these fundamental motions ther¬ 
ms” (Gilbreth spelled backward), and concluded that an >' and j 
bi & } j im n £ a ser i es 0 f these seventeen basic divisions. 

fundamental hand motions, modified somewhat from 
S£«S“n™»y, ».<! their symbol, nod color designation, are shown 

in Table VI. 


THERBLIG NAME _ 

SEARCH 

SELECT 

GRASP 

REACH 

MOVE 

HOLD 

RELEASE 

POSITION 

PRE-POSITION 

INSPECT 

ASSEMBLE 

DISASSEMBLE 

USE 

UNAVOIDABLE DELAY 
AVOIDABLE DELAY 
PLAN 

REST TO OVERCOME FATIGUE 


TABLE VI 

SYMBOL 


COLOR DESIGNATION 

BLACK 
GRAY, LIGHT 
LAKE RED 
OLIVE GREEN 
GREEN 

GOLD OCHRE 
CARMINE RED 
BLUE 

SKY-BLUE 
BURNT-OCHRE 
VIOLET, HEAVY 
VIOLET, LIGHT 
PURPLE 

YELLOW OCHRE 
LEMON YELLOW 

brown 

ORANGE 


SYMBOL 


Definitions of Basic Divisions of Accomplishment 

The Management Research and Development Division of the^Society 
for Advancement of Management in its “Glossary o J-ns Ud m 
Methods, Time Study, and Wage Incentives has provide <£ 
the various therbligs. These definitions, m part, are included 

^TlelZT^Search is the basic operation elemept employed to locate 
an obiect It is that part of the cycle during which the eyes or hands are 
l2g or feeling for the object. It begins the instant the eyes movem 
an effort to locate an object and ends the instant t ey are ocus 

f ° U Se d archis C a therblig that the analyst should always endeavor to elimi¬ 
nate Well-planned work stations allow work to be performed con mu 
S so that it is not necessary for the operator to perform this element 
Providing an exact location for all tools and parts is the typical way 

eliminate search from a work station. . . , .tt n 

A new employee, or one that is not familiar with his job will find it 

„„!” y search pMM* »»«' * *■ - »T * 

Ve The well-trained motion analyst will ask himself the Mowing ,oes- 
tions in order to eliminate or reduce ‘search time: 
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1. Are articles properly identified? Perhaps labels or color could be utilized. 

2. Can transparent containers be used? 

3. Will a better layout of the work station eliminate searching? 

4. Is proper lighting being used? 

5. Can tools and parts be prepositioned? 

2. Select. Select is the therblig that takes place when the operator 
chooses one part over two or more analogous parts. This therblig usu¬ 
ally follows search and even with a detailed micromotion procedure, it 
is difficult to determine the exact ending of search and the beginning of 
select. Select does occur without search when selective assembly is being 
encountered. In this case, it is usually preceded by inspect. Select can 
also be classified as an ineffective therblig and should be eliminated from 
the work cycle by better layout of the work station and control of parts. 

In order to eliminate this therblig, the analyst should ask: 

1. Are common parts interchangeable? 

2. Can tools be standardized? 

3. Are parts and materials stored in the same bin? 

4. Can a rack or tray be used so that parts will be prepositioned? 

3. Grasp. Grasp is the elemental hand motion of closing the fingers 
around a part in an operation. Grasp is an effective therblig and usually 
cannot be eliminated, but in many instances it can be improved. It oc¬ 
curs the instant the fingers of either or both hands begin to enclose 
around an object in order to maintain control of it and ends the moment 
control has been obtained. Grasp is usually preceded by reach and fol¬ 
lowed by move. Detailed studies have concluded that there are many 
types of grasp, some taking three times as much time to perform as oth¬ 
ers. The number of grasps occurring during the work cycle should be 
kept to a minimum and the parts to be picked up should be arranged in 
such a manner that the most simple type of grasp can be used. This is 
done by having the object by itself in a fixed location and positioned in 
such a manner that no interference takes place with the worktable, bin, 
or surrounding environment. 

These therblig check questions may help improve the “grasps” per¬ 
formed during a cycle: 

1. Would it be advisable for the operator to grasp more than one part or 
object at a time? 

2. Can a contact-grasp be used rather than a pick-up grasp? In other words, 
can objects be slid instead of carried? 

3. Will a lip on the front of bins simplify the grasping of small parts? 

4. Can tools or parts be prepositioned for easy grasp? 

5. Can a vacuum, magnet, rubber fingertip, or other device, be used to ad¬ 
vantage? 

6. Can a conveyor be used? 

7. Has the jig been designed so that the part may easily be grasped when 
removing it? 
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8. Can previous operator preposition tool or work thus simplifying grasp for 
the following operator? 

9. Can tools be prepositioned on a swinging bracket? 

4. Reach. Reach represents the motion of an empty hand, without 
resistance, toward or away from an object. The basic division reach was 
known as “transport empty” in Gilbreth’s original summary. However, 
the shorter term is generally accepted by methods men today. Reach 
begins the instant the hand moves toward an object or general location 
and ends the instant hand motion stops upon arrival at the object or 
destination. Reach is usually followed by grasp and preceded by a re¬ 
lease. Obviously, the time required to perform a reach is dependent 
upon the distance of the hand movement. As in the case of grasp, reach 
can be classified as an objective therblig, and usually cannot be elimi¬ 
nated from the work cycle. However, it can be reduced by shortening 
the distances required for reaching. By keeping this elementary principle 
in mind, work stations can be developed that will keep reach time to a 
minimum. 

5. Move. Move is the basic division to signify a hand movement with 
a load. The load can be in the form of pressure. Move was originally 
known as “transport loaded.” This therblig begins the instant the hand 
under load moves toward a general location and ends the moment mo¬ 
tion stops upon arrival at the destination. Move is usually preceded by a 
grasp and is usually followed by either a release or a position. 

The time required to perform move is dependent on distance, weight 
to be moved, and type of move. Move is an objective therblig, and it is 
difficult to remove this basic division from the work cycle. Nevertheless, 
the time to perform move can be diminished by reducing the distances to 
be moved, lightening the load, and improving the type of move by 
providing gravity chutes or a conveyor at the terminal point of the 
move, so that it will not be necessary to bring the object being moved 
to a specific location. Experience has proved that moves to a general lo¬ 
cation are performed more rapidly than to an exact location. 

Both reach and move therbligs may be improved by asking and an¬ 
swering the following questions: 

1. Can either of these therbligs be eliminated? 

2. Can distances be shortened to advantage? 

3. Are the best means being used? i.e., conveyors, hand, tongs, tweezers, etc. 

4. Is the correct body member used? i.e., fingers, wrist, forearm, shoulder. 

5. Can a gravity chute be employed? 

6. Can transports be effected through mechanization and foot-operated de¬ 
vices? 

7. Will time be reduced by transporting in larger units? 

8. Is time increased because of the nature of the material being moved or 
because of a subsequent delicate positioning? 

9. Can abrupt changes in direction be eliminated? 
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an efficient hnlrh™ A • ? , and * ^ an< ^ 1S seldom considered 
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whxSe SKr,d W0UM °T r When the ,eft hand hold * a stud 

wmie me right hand runs a nut on the stud. During the assemhlv of 
nut to the stud the left hand would be utilizing the theSSjj. ** 

tions: ^ ° ® n 6 e lrmnate d by asking and answering these ques- 

1. Can a mechanical jig such as a vise, pin, hook, rack, clip, or vacuum be 

2. Can friction be used? 

3. Can a magnetic device be used? 

4. Should a twin holding fixture be used? 

Of the operator 

5 T 3 r" 

pre “ ,e< ' by * move ° r * »<> “«™% m- 

To make improvements on release, the motion analyst should ask: 

1. Can the release be made in transit? 

2. Can a mechanical ejector be used? 

‘ deTign? WnS * at WiU C ° ntain the Part after release of *e proper size and 

vantageous position ^foTtim'nrntf therbhg? 316 “ the m0St ad ' 

5. Can multiple units be released? 6 

8. Position. Position is an element of work consisting of l„„r 
Obpc, , och , way lh , t „ wfll be prope% oi , ente(l sped6 

The therblig position occurs as a hesitation while the hand or W„1 
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6. Can the article be pointed so as to act as a pilot? 

9 Preposition. Preposition is an element of work winch consist^of 

positioning an object in a predetermii^ * ^ 

be grasped in the position m which U s * be “W of 
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which is usually move. It is the basic divisum nit ura g p 
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therbligs. 

2. Can tools be suspended? 

3. Can a guide be used? 

4. Can a magazine feed be used. 

5. Can a stacking device be used t 
6 Can a rotating fixture be used. 

p " g ^ 

object mft “”e focused upon the object and « delay be- 

Iweenmotions’is notec 
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bin’ little time would be consumed wollW a 

Z£:'£ZZ-L\&V°™ evaluate the marble and demd, il i, 
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These questions, when answered by the analyst, may result in im¬ 
provements on inspect therbligs: 

1. Can inspection be eliminated or combined with another operation or ther- 
blig? 

2. Can multiple gages or tests be used? 

3. By increasing the illumination, will inspection time be reduced? 

4. Are the articles being inspected the correct distance from the workmen’s 
eyes? 

5. Will a shadowgraph facilitate inspection? 

6. Does an electric eye have application? 

7. Does the volume justify automatic electronic inspection? 

8. Would a magnifying glass facilitate the inspection of small parts? 

9. Is the best inspection method being used? Has consideration been given 
to polarized light, template gages, sound tests, performance tests, etc.? 

11. Assemble. Assemble is the basic division that occurs when two 
mating parts are brought together. This is another objective therblig and 
can more readily be improved than eliminated. Assemble is usually pre¬ 
ceded either by a position or a move and is usually followed by a re¬ 
lease. It begins the instant the two mating parts come in contact with 
one another and ends upon completion of the uniting element. 

12. Disassemble. Disassemble is just the reverse of assemble and oc¬ 
curs when two mating parts are disunited. The basic division is usually 
preceded by a grasp and is usually followed by either a move or a re¬ 
lease. Disassemble is objective in nature, and improvement possibilities 
are more likely than complete elimination of the therblig. Disassemble 
begins the moment either or both hands have control of the object after 
grasping it, and ends as soon as the disassembly has been completed, 
usually evidenced by the beginning of a move or the beginning of a re¬ 
lease. 

13. Use. Use is a completely objective therblig and occurs when 
either or both hands have control of an object during that part of the 
cycle when productive work is being performed. When both hands are 
holding a casting up against a grinding wheel, "use’ would be the 
therblig that would correctly indicate the action of the hands. After a 
screw driver had been positioned in the slot of the screw, use would 
occur as the screw is being driven home. The duration of this therblig 
depends on the operation as well as the performance of the operator. It 
is quite easily detected, as this therblig “always advances the operation 
toward the ultimate objective.” 1 

In studying the three objective therbligs, assemble, disassemble and 
use, thought should be given to the following questions: 

1. Can a jig or fixture be used? 

2. Does the activity justify automated equipment? 

^ 1 P; Alford and J. R. Bangs, Production Handbook (New York: Ronald Press 
Co., 1944). 
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3. Would it be practical to make the assembly in multiple units? 

4. Can a more efficient tool be used? 

5. Can stops be used? 

6. Is the tool being operated at the most efficient feeds and speeds? 

7. Should a power tool be employed? 

14. Unavoidable Delay, Unavoidable delay is an interruption beyond 
the control of an operator in the continuity of an operation. It represents 
idle time in the work cycle experienced by either hand or both hands be¬ 
cause of the nature of the process. Thus while an operator is hand feed¬ 
ing a drill with his right hand to a part held in a jig, the left hand would 
be unavoidably delayed. Since the operator has no control over unavoid¬ 
able delays, in order to remove them from the cycle, the process will have 
to be changed in some manner. 

15. Avoidable Delay . Any idle time that occurs during the cycle for 
which the operator is solely responsible, either intentionally or uninten¬ 
tionally, is classified as an avoidable delay. Thus, if an operator developed 
a coughing spell during a work cycle, this delay would be avoidable, as 
normally it would not appear in the work cycle. The majority of avoid¬ 
able delays encountered can be avoided by the operator without chang¬ 
ing the process or method of doing the work. 

16. Plan . The therblig plan is a mental process, when the operator 
pauses to determine the next action. Plan may take place during any 
part of the work cycle and is usually readily detected as a hesitation 
after all components have been located. This therblig is characteristic of 
a new employee and usually can be removed from the work cycle 
through proper operator training. 

17. Rest to Overcome Fatigue. This delay seldom appears in every 
cycle, but is evidenced periodically in order for the operator to recover 
from fatigue caused by his work. The duration of rest to overcome fatigue 
will vary not only with the class of work but also with the individual per¬ 
forming the work. 

In order to reduce the number of occurrences of the therblig rest, the 
analyst should consider: 

1. Is the best order-of-muscles classification being used? 

2. Are temperature, humidity, ventilation, noise, light, and other working 
conditions satisfactory? 

3. Are benches the proper height? 

4. Can the operator alternately sit and stand while performing his work? 

5. Does the operator have a comfortable chair of the right height? 

6. Are mechanical means being used for heavy loads? 

Principles of Motion Economy 

Beyond the basic division of accomplishment concept, as first set forth 
by the Gilbreths, are the principles of motion economy also developed by 
them and added to by others, notably Ralph M. Barnes. These laws of 




MOTION STUDY 

137 

motion economy are not all applicable to every job, and several find 
application only through the tool of micromotion study as discussed in 
Chapter 8. However, those that apply to visual motion study, as well as 
the micromotion technique, that should always be considered are broken 
down into three basic subdivisions: (1) use of the human body (2) 

arrangement and conditions of the workplace, and (3) design of tools 
and equipment. 2 b 

The methods analyst should become familiar with the visual laws of 
motion economy so that he will be able to detect inefficiencies in the 
method by briefly inspecting the workplace and the operation. These 
basic principles, under their respective divisions are as follows: 

I. Use of the human body 

a) Both hands should begin and end their basic divisions of accom¬ 
plishment simultaneously and should not be idle at the same in- 
stant, except during rest periods. 

b) The made by the hands should be made symmetrically and 

simultaneously away and toward the center of the body. 

c) Momentum should be employed to assist the worker wherever pos¬ 
sible, and it should be reduced to a minimum if it must be over¬ 
come by muscular effort. 

d) Continuous curved motions are preferable to straight-line motions 
involving sudden and sharp changes in direction. 

num .!? er ° f basic divisions should be used, and these 
should be confined to the lowest possible classifications. These 
classifications summarized in ascending order of time and fatigue 
expended m their performance, are: & 

1. Finger motions 

2. Finger and wrist motions 

3. Finger, wrist, and lo>ver arm motions 

4. Finger, wrist, lower arm, and upper arm motions 

« f; 7 , n i er : wris ‘> lo , wer arm > upper arm, and body motions 
f) Work that can be done by the feet should be arranged so that it is 
done simultaneously with work being done by the hands. 

II. Arrangement and conditions of the workplace 

a) Fixed locations should be provided for all tools and materials so as 
to permit the best sequence and to eliminate or reduce the ther- 
bugs search, select, and find. 

b) Gravity bins and drop delivery should be used to reduce reach and 
move tunes; also ejectors should be provided wherever possible to 
remove finished parts automatically. 

h'lr;L terialS an ? too 1 ls , should be located within the norma] area in 
both the vertical and horizontal planes. 

heiX lf ° rtable chair , shou l d be provided for the operator and the 
thfw^ ° arra PS e tbat tbe work can be efficiently performed by 
the operator alternately standing and sitting. ^ 

vide? ^ Umination ’ ven f^ a tion, and temperature should be pro- 


c) 

d) 


e) 


2 Ibid. 
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j) Visual requirements of the workplace should be considered so that 
eve fixation demands are minimized. 

2) Rhythm is essential to the smooth and automatic performance of an 
operation, and the work should be arranged to permit an easy and 
natural rhythm wherever possible. 

III. Design of tools and equipment 

a) Multiple cuts should be taken whenever possible by combining two 
or more tools in one, or by arranging simultaneous cuts from both 
feeding devices if available (cross slide and hex turret). 

b ) All levers, handles, wheels, and other control devices should be 
* readily accessible to the operator and should be designed so as to 

give the best possible mechanical advantage. 

c) Holding parts in position should be done by fixtures. 

d) Always investigate the possibility of powered or semiautomatic too s, 
such as power nut and screw drivers, speed wrenches, etc. 

EXPLANATION OF LAWS OF MOTION ECONOMY 

Both hands should begin and end their basic divisions of accomplish¬ 
ments simultaneously and should not be idle at the same instant except 
during rest periods. 

When the right hand is working in the normal area to the right of the 
body and the left hand is working in the normal area to the left ot 
the body, there is a feeling of balance which tends to induce rhythm m 
the performance of the operator that leads to maximum performance. 
When one hand is working under load and the other hand is idle the 
body exerts an effort to put itself in balance. This usually results m 
greater fatigue than if both hands were employed doing useful work. This 
law can readily be demonstrated by reaching out with the right hand 
about 14 inches, picking up an object weighing about a half pound and 
moving it 10 inches toward the body before releasing it. The operation 
should then be immediately repeated, only this time the part is moved 
away from the body. Repeat the cycle about 200 times and note the 
discomfort in the body induced by “balance fatigue Now repeat the 
operation using both hands simultaneously. Have the left hand reach 
out radially to the left of the body and the right hand reach out radially 
to the right of the body, grasp the objects, move both objects toward the 
body and release them simultaneously. Repeat the cycle 200 times an 
note that the body feels less fatigued, even though twice as much load 
was handled. 

The motions made by the hands should be made symmetrically and 
simultaneously away and toward the center of the body. 

It is natural for the hands to move in symmetrical patterns: devia¬ 
tions from symmetry in a two-handed work station result m slow, awk¬ 
ward movements of the operator. The difficulty of patting the stomach 
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with the left hand while rubbing the top of the head with the right hand 
is familiar to many. Another experiment that can readily be tried to 
i ustrate the difficulty of performing nonsymmetrical operations is to 
draw a circle with the left hand while the right hand is drawing a 
square. Figure 7-1 illustrates an ideal work station that allows the op¬ 
erator to assemble a typewriter by going through a series of symmetrical 
motions made simultaneously away and toward the center of the body. 

Momentum should be employed to assist the worker wherever possi¬ 
ble, and it should be reduced to a minimum if it must be overcome bit 
muscular effort. J 


As the hands progress through the elements of work comprising the 
operation, momentum will be developed during reach and move ther- 
bligs and will be overcome during position and release therbligs. In 
order to make full use of the momentum that is built up, work stations 
should be designed so that a finished part can be released in a delivery 
area while the hands are on their way to get component parts or tools 
to begin the next work cycle. This allows the hands to perform then- 
reaches with the aid of momentum and makes the therblig easier and 
faster to perform. 



F!G. 7-1. An ideal work station that 
through a series of symmetrical motions 
of the body. 


permits the operator to assemble a typewriter by going 
made simultaneously away from and toward the center 
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Detailed studies have proven conclusively that both reaches and 
moves are performed faster if the hand is in motion at the beginning 
of the therblig. 

Continuous curved motions are preferable to straight-line motions in¬ 
volving sudden and sharp changes in direction. 

This law is very easily demonstrated by moving either hand in a rec¬ 
tangular pattern, and then moving it in a circular pattern of about the 
same magnitude. The greater amount of time required to make the 
abrupt ninety degree directional changes is quite apparent. In order to 
make a directional change, the hand must decelerate, change direction, 
accelerate until it is time to decelerate preparatory to the next direc¬ 
tional change. Continuous curved motions do not require deceleration, 
and consequently are performed faster per unit of distance. 

The least number of basic divisions should be used and these should 
be confined to the lowest practicable classifications. 

In order to become fully aware of the significance of this fundamental 
law of motion economy, it is first necessary to be able to identify the 
various classifications of motions. 


1. The finger motion is the fastest of the five motion classes and is 
readily recognized, as it is made by moving the finger or fingers while 
the remainder of the arm is kept stationary. Typical finger motions are 
running a nut down on a stud, depressing the keys of a typewriter, 
grasping a small part, etc. Usually there is a significant difference in time 
required to perform finger motions with the various fingers. The index 
finger in most cases will be able to move considerably faster than the 
other fingers, and in the design of work stations this should be taken into 
consideration. Although with practice the fingers of the left hand (in 
right-handed people) can be trained to move with the same rapidity as 
the fingers of the right hand, detailed studies have shown that the fingers 
of the left hand will move somewhat slower. R. E. Hoke made a study 
of the “universal” keyboard used on typewriters and found that 88.9 
taps could be made with the fingers of the left hand for every 100 made 

with the right hand. 3 . . , . 

The analyst should recognize that the finger motion is the weakest 
of the five motion classes. Consequently, care should be exercised m 
designing work stations involving great manual effort so that higher 
classifications than finger motion may be employed. . 

2. Finger and wrist motions are made by movements of the wrist and 
fingers while the forearm and upper arm are stationary. In the majonty 


3 R. E. Hoke, The Improvement of Speed and Accuracy in 
Johns Hopkins University Studies in Education No. 7) (Baltimore: 
Press, 1922). 


Typewriting (The 
The Johns Hopkins 
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of cases, finger and wrist motions consume more time than strictly finger 
motions. Typical finger and wrist motions occur when positioning a part 
in a jig or fixture or when assemblying two mating parts. Reach and 
move therbligs usually cannot be performed by motions of the second 
class unless the transport distances are very short. 

3. The finger, wrist, and lower arm motions are commonly referred to 
as forearm” motions and include those movements made by the arm 
below the elbow while the upper arm is stationary. Since the forearm 
includes a strong muscle, this motion is usually considered efficient, as it 
is not fatiguing. The time required to make forearm motions for a given 
operator is dependent on the distance moved and the amount of resist¬ 
ance overcome during the movement. By designing work stations so that 
these third-class motions will be used to perform the transport therbligs 
rather than fourth-class motions, the analyst will minimize cycle times. 

4. The finger, wrist, lower arm, and upper arm motion, commonly 
known as the fourth-class or shoulder motion, is probably used more than 
any one single motion class. The fourth-class motion for a given distance 
takes considerably more time than the three lower classes just described. 
Fourth-class motions are required to perform transport therbligs of parts 
that cannot be reached without extending the arm. The time required to 
perform fourth-class motions is dependent primarily on the distance of 
the move and the resistance to the move. 

5. Fifth-class motions include body movements and those of course 
are the most time consuming. Body motions include ankle, knee, and 
thigh motions as well as body trunk motions. 

It will be noted that the first-class motion requires the least amount 
of effort and time, whereas the fifth class is considered to be the least 
efficient. Therefore, the analyst should always endeavor to utilize the 
lowest practicable motion classification with which to properly perform 
the work.,This will involve careful consideration of the location of tools 
and materials so that ideal motion patterns can be arranged. 

Work that can he done by the feet should be arranged so that it is 
done simultaneously with work done by the hands. 

Since the majority of work cycles are performed by the hands, it fol¬ 
lows that it is economical to relieve the hands of work that can be done 
by the feet, if this work is being performed while the hands are occupied. 
Since the hands are more dexterous than the feet, it would be folly to 
have the feet perform elements while the hands were idle. Foot pedal 
arrangement allowing clamping, ejection of parts, feeding, etc., can often 
be arranged, thus freeing the hands for useful work and consequently 
reducing the cycle time (see Figure 7-2). 

Fixed locations should be provided for all tools and materials so as to 
permit the best sequence and to eliminate or reduce the therbligs search 
select , and find. 



Courtesy: Brown & Sharpe Manufacturing Co. 

FIG. 7-2. Foot pedal arrangement on a Brown & Sharpe plain milling machine, used to start 
and stop machine operation, leaving operators’ hands free to load and unload work. 

In driving an automobile, we are all familiar with the shortness of time 
required to apply the foot brake. The reason is obvious; since the brake 
pedal is in a fixed location, no time is required to decide where the 
brake is located. The body responds instinctively and applies pressure to 
the area where the driver knows the foot pedal will be. If the location 
of the brake foot pedal varied from time to time, considerably more time 
would be needed to apply braking to the car. By providing fixed location 
for all tools and materials at the work station, the short hesitations re¬ 
quired to search, select, and find the various objects needed to do the 
work will be eliminated or at least minimized (see Figure 7-3). 
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Courtesy: Westinghouse Electric Corp, 

FIG. 7-3. Fixed locations for all materials and tools are provided in this work station thus 
minimizing search and select hesitations. 


Gravity bins and drop delivery should be used to reduce reach and 
move times. 

The time required to perform both of the transport therbligs, reach 
and move, is proportional to the distance that the hands must mpve in 
performing these elements. By utilizing gravity bins, components can be 
continuously brought to the normal working area, thus eliminating long 
reaches in order to get supplies of parts. Likewise, gravity chutes allow 
disposal of parts within the normal area, thus eliminating the necessity 
for long moves to dispose of the completed part or parts. Gravity chutes 
make possible a clean workplace area, as finished material will be car¬ 
ried away from the work area rather than stacked up all round the 
workplace (see Figure 7-4). 

All materials and tools should be located within the normal area in 
both the vertical and horizontal plane. 

The normal working area in the horizontal plane of the right hand in¬ 
cludes the area generated by the arm below the elbow when moving in 
an arc pivoted at the elbow. This area will represent the most convenient 
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FIG, 7-4. Work station utilizing gravity bins and belt conveyor to reduce reach and move times. 
Note the conveyor in the background carrying other parts by this particular work station. Op¬ 
erator is feeding on to the conveyor from under the platform by merely dropping assembled 
parts on to feeder belt. 


zone within which motions may be made by that hand with a normal 
expenditure of energy. 

In a similar manner the normal area may be established by the left 
hand. 

Since movements are made in the third dimension as well as in the 
horizontal plane, the normal working area applies to the vertical plane 
as well. The normal area relative to height for the right hand includes 
the area made by the lower arm in an upright position hinged at the 
elbow moving in an arc. In like manner there is a normal area for the 
left hand in a vertical plane (see Figures 7-5 and 7-6). 

The maximum working area represents that portion of the workplace 
within which all tools and materials should be located and where work 
may be performed without excessive fatigue. This area is formed by 
drawing arcs with the arms fully extended and, as in the case of the 
normal working area, both the horizontal and vertical planes are con¬ 
sidered. 

In the design of both facilities and work stations, consideration should 
be given to such factors as arm reach, leg clearance, and body support 
as these human dimensions are important criteria in developing worker 
environment that is comfortable and efficient. The human dimensions 
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28 " 

10 " 

12 " 

6 . 7 " 

9" 


FIG. 7-5. 


Normal and 


maximum working areas in the horizontal plane for 
multiply by 1.09. 


women. For men. 



Comfortable chair should he provided for the operator and the height 
so arranged that the work can he efficiently performed by the operator 
alternately standing and sitting. 

The stool or chair used by the operator should receive careful atten¬ 
tion m order to reduce operator fatigue. In general, the chair or bench 
seats should be broad, not too deep, with a contour slightly saddle-shaped 
j r fr ° nt en( ^ chamfered. Wherever possible, backs should be pro¬ 
vided for all chairs, and these should be designed so that they do not 
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Courtesy: Product Engineering 

FIG. 7-7. Dimensions of the overage adult male based on the 2 1 /2 to 97^4 per cent range of 

measured subjects. 

interfere with movements of the arms. Chair manufacturers supply in¬ 
dustrial chairs that are adjustable in height from the floor to the top edge 
of the seat. In recent years, both industrial and medical experts have 
collected data that in many instances prove that production costs have 
been lowered by using chairs and benches of proper height (see Fig¬ 
ure 7-8). . 

If the height of the work station and chair is made so that the op¬ 
erator can alternately work in a standing and a sitting position, fatigue 
and job monotony will be substantially reduced. Monotony is definitely 
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Courtesy: Product Engineering 

shown are based on the smalt °u the operat ° r - Dimensions 

of all men. ' mCh w,n °«ommodate the reach limitations of 95 per cent 

enZlZTJ faCt ° r v n pr0ducin g fati S uc . and with the present-day tend- 
in a s andtorLdtitr* t0 ^ ve the °P erator ™rk alternately 

■ ass^if- 

rafedZhJn^^’ «”* Mature should be incorpo- 

fundamental” for I ^MV aPtei r| 5, ^°° d ’ comfortab,e working conditions are 
illumination has P eak P rod « c ^°» and operator satisfaction. Defective 

entilation and temperature are also important considerations in main- 
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MAXIMUM EXPENDABLE ENERGY- 




RESERVE ENERGY CAPACITY 


^■^Llosses 


ENERGY FOR USELESS WORK 


ENERGY FOR USEFUL WORK 


- - MEDIUM HIGH 

INTENSITY OF ILLUMINATION 

From National Safety Council Bulletin No. 50, p. 9. 

FIG. 7-9. Better illumination releases energy for useful work. 

taming good working conditions by controlling fatigue and accident 
causes Laboratory data recorded in diversified industries are in agree¬ 
ment that atmospheric conditions exert an appreciable influence upon 

^Members'of ^the medical profession, industrialists, and psychologists 
have realized that colors are effective in stimulating or depressing, y 
having physical surroundings that relieve eyestrain and stimulate the 
worker by creating a more cheerful atmosphere, the industry will have 
fewer injuries and less absenteeism. 

Visual requirements of the workplace should be considered so that 
eye fixation demands are minimized. 

Certain visual requirements are characteristic of all work centers. 
Some equipment or controls may be scanned from nearby or remote 
points Other areas will require more concentrated attention. By prepo¬ 
sitioning those components requiring more concentrated observation, 
such as S instruments and dials, not only will less eye flxa ‘‘° n ^ ' 
quired but less eye fatigue on the part of the operator will lesult. Visual 

control areas are illustrated in Figure 7-10. 

Bhuthm is essential to the smooth and automatic performance of an 
operation, and the work should be arranged to permit an easy and natu- 
ral rhythm wherever possible. 
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*j— Visual limit 



Courtesy: Product Engineering 

FIG. 7-10. Effective visual areas for average employee. 

If the sequence of basic motions performed can be arranged so there 
is a regular recurrence of like therbligs, or a regular alteration in like 
therbligs, the hands will instinctively work with a rhythmical effect. 
When work is performed with such a regularity or flow of movement, 
the operator appears to be working effortlessly yet invariably production 
is high and operator fatigue is low. 

Multiple cuts should he taken whenever possible by combining two or 
more tools in one, or by arranging simultaneous cuts from both feeding 
devices if available (cross slide and hex turret ). 

Production planning in advance for the most efficient manufacture 
will include taking multiple cuts through combination tools and simul¬ 
taneous cuts from different tools. Of course, the type of work to be 
processed and the number of parts to be produced will determine the 
desirability of combining cuts such as from the square turret and the 
hexagon turret. Figures 7-11 and 7-12 illustrate typical combined and 
multiple cuts that can be utilized in turret lathe work (see also Figure 
7-13). S 
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Courtesy: Warner & Swasey Co. 

FIG. 7-11. Multiple and combined cut being performed on Warner & Swasey turret lathe. 

Two turning cuts are being taken while the part is being drilled from the hex turret. 

All levers, handles, wheels, and other control devices should he readily 
accessible to the operator and should be designed so as to give the best 
possible mechanical advantage. 

Many of our machine tools and other devices are mechanically perfect, 
yet are incapable of effective operation because the designer of the 
facility overlooked the various human factors in the operation of the 
equipment. Handwheels, cranks, and levers should be of such size and 
placed in such positions that operator manipulation can be done with 
greatest proficiency and with a minimum of fatigue. 

Detailed studies have determined that for a given control location 
there is a definite point at which the size of the control and operator 
performance changes, so that performance at different control locations 
varies with the “36-in. height, horizontal axis, 0-degree position location 
which is commonly found on machine tools. 4 

Holding parts in position should be done by fixtures. 

4 Louis E. Davis, “Human Factors in Design of Manual Machine Controls/’ Me¬ 
chanical Engineering , October, 1949. 
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Courtesy: Warner & Swasey Co. 


FIG. 7 12. A single turning cut from the cross slide combined with a drilling operation from the 
hex turret give a combined cut on this alloy steel part? ° Per0 " 0n ,r0m ,he 


The hand is seldom an efficient holding device because, when it is 
occuped m holding the work, it cannot be free to do useful work. Parts 
to be held in position while being worked on should be supported by a 
xtuie, thereby freeing the hands for productive motions. Fixtures not 
only save time m processing parts, but they permit better quality, in that 
work can be held more accurately and firmly. Figure 7-14 illustrates 
a dual fixture for drilling two pieces simultaneously. 


Investigate the possibility of powered or semiautomatic tools, such as 
power nut and screw drivers, speed wrenches, etc. 


Power hand tools will not only perform work faster than manual tools 
but will do the work with considerably less operator fatigue. Greater 
uniformity of product can be expected when power hand tools are used. 
Foi example, a power nut driver will drive nuts consistently to a pre- 
etermmed tightness in inch-pounds, whereas a manual nut driver can¬ 
not be expected to maintain constant driving pressure in view of operator 




152 


MOTION AND TIME STUDY 















MOTION STUDY 


153 


PRACTICAL USE OF MOTION STUDY IN THE PLANNING 

STAGE 

Motion Analysis As Applied in Planning 

Production men in general agree that it is better to concentrate think¬ 
ing about method improvement in the planning stage, rather than de¬ 
pend entirely on trying to correct manufacturing methods after they 
have been introduced. Insufficient volume may make it impossible to 
consider later many improvement proposals which might have been in- 

mcthodf ^ ^ Planning Stage Wlth substantial saving over existing 

For example, let us take an operation that was done on a drill press 
in which a one-half inch hole was reamed to the tolerance of .500''/.502". 
The activity of the job was estimated to be 100,000 pieces. The time 
study department established a standard of 8.33 hours per thousand to 
perform the reaming operation and the reaming fixture cost $500.00. 
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Since a base rate of $1.80 per hour was in effect, the money rate per 
thousand pieces was $15.00. 

Now let us assume that a methods analyst suggests broaching the in¬ 
side diameter because his calculations reveal that the part can be 
broached at the rate of 5.00 hours per thousand. This would be a saving 
of 3.33 hours per thousand pieces, or a total saving of 333 hours. At our 
$1.80 base rate this would mean a direct labor savings of $599.40. How¬ 
ever it would not be practical to go ahead with this idea, as the tool 
cost for broaching is $700. Thus, the change would not be sound unless 
the labor savings can be increased to $700 so as to offset the cost of the 
new broaching tools. 

Since the labor savings in a new broaching setup would be 3.33 X $1.SU 
per thousand, it can be calculated that 116,800 pieces would have to be 
ordered before the change in tooling would be justified. 


$700 X 1000 
$1.80 X 3.33/M 


= 116,800 pieces. 


However, if the broaching method had been used originally instead 
of the reaming procedure, it would have paid for itself in 


$700 - $500 
$1.80 X 3.33/M 


= 33,400 pieces. 


THE AIRFELT MFG.CORP. 

XtGHT AND LEFT HAND ANALYSIS 

Operation Blank supporting strip on hand arbor press _ 

Part Afa . p - U07 - 7 . D wq.A/q._ PB ' 11 0 - 7 - Date 

Drawn fty W. Eitele _ _ Dept. 13 _Plant _§ellefonte_ 


.Sheet JLof. 



FIG. 7-16. Right- and left-hand analysis of a proposed method of a blanking operation 
which unavoidable delays have been omitted. 
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With production requirements of 100,000 pieces, 3.33 X $1.80 X 66 6 
thousands ( difference between 100,000 and 33,400) = $398.00 in labor 
would have been saved over the present reaming method. Had a motion 

realized ^ pknnin S sta S c this savin g might have been 









FIG. 7 17. Component, of upper |aw of pipe vise. Ports in order of assembly (left to right) 
ore shown above, and ports assembled are shown below. 9 ' 





By keeping the laws of motion economy in mind, and breaking the 
proposed method into its basic divisions, it is possible to develop a right- 
hand, left-hand analysis prior to the starting of production. Then by 
assigning synthetic time values to the various elements of the operator 
process chart (see Chapter 10), the practicability of the proposed 
method can be determined. Let us see how this technique is practiced 
on a simple manufacturing job. The job involves: 

1. A light blanking operation. 

2. Low annual production requirements (200,000 pieces per year) 

o. Competitive price. 1 7 
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With these requirements in mind, the methods analyst proposes per¬ 
forming the job on an arbor press with accompanying die to do the 
trimming. He then breaks the job down in the form of a right- and left- 
hand process chart as shown in Figure 7-15. 

A review of this operator process chart reveals that several of the 
laws of motion economy have been violated. Motions of the right hand 


Operation Assembi 

Part No - v - 2842 --g- 

Drawn By. E - Sn .PJg- 



THE HOLDTITE VISE CO- 
RIGHT ANT) LEFT HAND ANALYSIS 

pper jaw of pipe vise _______—-—- 

__Dwg. No. - VA284 2-. Date 

___ 1 l-B Plant Huntingdon^ Sheet J_ of. 




Left Hand 


1, Pick up vise brace 

Reach for brace 
Grasp brace 
Move brace 

2. Position brace 

Position 


3. Hold brace 
Hold 


Symbols 


Right Hand 


Get jaw of vise 
Reach for jaw 
Grasp jaw 
Move jaw to brace 

Place jaw in recess of brace 
Move jaw to recess 
Position jaw in recess 
Release jaw 

Get 2 washers and position 
Reach for jaw 
Grasp washers 
Move washers to jaw 
Position washers 
Release washers 


A. Hold brace 
Hold 


5. Hold brace 
Hold 


Pick up two screws 

Re Reach for two screws 

G Grasp two screws 

M Move two screws to washers 

Assemble washers to screws 
P Position screws 

M Move screws 

R1 Release screws 


6. Hold brace 
Hold 


Drive first screw 
Reach for driver 
Grasp driver 
Move screw driver 
Position driver in screw 


7. Hold bi 
Hold 


8. Dispose of part 

Move assembled jaw 
Release part 


Drive second screw 
Re Reach for driver 

G Grasp driver 

M Move screw driver 

P Position driver in screv 

U Drive screw 

Aside Yankee screw driver 
M Move screw driver 

R1 Release screw driver 


FIG. 7-18. Right- and left-hand analysis of assembly of pipe vise jaw. 
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FIG. 7—19. Guide and ejector pin details for foot-operated mechanism. 


and the left hand are not balanced, unavoidable delays occur in the 
pattern of the left hand, and both hands do not finish their work simul¬ 
taneously. 

Analysis of the poor setup discloses that the first wait of the left hand 
is during the period the right hand raises the handle of the arbor press. 
The left hand is then kept idle while the right hand removes the part 
from the die, and finally, is unavoidably delayed while the right hand 
reaches out to gain control of the arbor press handle. 

It can also readily be seen that the right hand must grasp the arbor 
press handle every cycle as a result of relinquishing it earlier in the cycle 
in order to remove the finished part from the die. Therefore, if the 
operator did not have to remove the finished piece from the die, he would 
also be freed of the element “grasp arbor press handle.” The improved 
method in the form of an operator process chart is shown in Figure 7-16. 

If this method should be put in operation, we should have a balanced 
setup with considerably shorter cycle time. It is possible to develop a fix¬ 
ture to include leaf springs which will lift the part clear of the die on the 
return stroke of the arbor press. The piece can then be automatically 
ejected through the back of the press by an air blast actuated from the 
ram of the press. 

This motion analysis in the planning stage allows the part to be 
blanked in the most economical manner. 

Let us take another example and see how motion study in the planning 
stage helps determine the ideal method. The operation under study is the 
assembly of the components going into the upper jaw of a pipe vise. 
The parts involved are the jaw, brace, two lock washers, and two ma- 
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THE HOLDTITE VISE CO. 
RIGHT AND LEFT HAND ANALYSIS 

Operation Assemble upper jaw of pipe vise 

Part No ,— 


V-2842-3 


Drawn By E- Snow 


-D wg- No . 
. Dept- 


VA-2842 


Date 


7-7-58 


11-B 


Plnnt Huntingdon Sheet J- 0f. 



H i 1 II H 111 1 H- 




Lei 

l t Hand 

Symbols 

Right Hand 

1. Pick up vise brace 

Reach for brace 

Grasp brace 

Move brace 

Re Re 

G G 

M M 

Get jaw of vise 1. 

Reach for jaw 

Grasp jaw 

Move jaw 

2. Assemble brace on jaw 

Move brace over jaw 

Position brace on jaw 

Release brace 

■ 

Place jaw in fixture 2. 

Move jaw to fixture 

Position jaw in fixture 

Release jaw 

3. Pick up and assemble washer and screw 
Reach for washer 

Grasp washer 

Move washer to brace 

Position washer 

Release washer 

Reach for screw 

Grasp screw 

Move screw to washer 

Position screw in washer 

Re Re 

G G 

M M 

P P 

R1 R1 

Re Re 

G G 

M M 

P P 

Pick up and assemble washer and screw 3. 
Reach for washer 

Grasp washer 

Move washer to brace 

Position washer 

Release washer 

Reach for screw 

Grasp screw 

Move screw to washer 

Position screw in washer 

4. Start screw 

Move screw 

Release screw 

M M 

R1 R1 

Start screw 4. 

Move screw 

Release screw 

5. Get driver and drive screw 

Reach for driver 

Grasp driver 

Move driver 

Position screw driver 

Drive screw 

Release driver 

Re Re 

G G 

M M 

P P 

U U 

R1 R1 

Get driver and drive screw 5. 

Reach for driver 

Grasp driver 

Move driver 

Position screw driver 

Drive screw 

Release driver 


FIG. 7-20. Right- and left-hand analysis of proposed setup for assembly of pipe jaw vise. 


chine screws (see Figure 7-17). The production schedule called for as¬ 
sembly of 10,000 of these units per year and the item must be priced to 
meet stiff competition. 

Since the parts are all small and can be readily controlled with either 
hand, the method analyst may first consider hand assembly at a bench, 
with the operator seated and all parts fed to the normal work area by 
gravity bins. This method in the form of a right- and left-hand analysis 
would appear as shown in Figure 7-18. 

A quick review of this method discloses that the left hand is ineffec¬ 
tively employed the majority of the cycle, since it is occupied by the 
therblig “hold” in five distinct areas. In order to alleviate this condition, 
the analyst considers making a fixture to hold the part. So as to eliminate 
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Courtesy: E. I. du Pout do Nemours & Co. 

FIG. 7-21. Work station for doffing yarn. 


the element “dispose of part,” he introduces an ejector pin actuated by a 
foot pedal (see Figure 7-19). This ejects the part into an accompanying 
gravity chute. In order to dispose of the element “lay aside yankee screw 
driver,” he suspends the tool overhead. So as to permit a balanced two- 
handed motion pattern throughout the cycle, an additional yankee screw 
driver is suspended overhead for the left hand. Thus both screws can 
be driven home simultaneously with the aid of self-aligning sleeves in¬ 
corporated in the fixture. Through the use of fundamental motion data, 
it can be estimated that the improved method will increase the produc- 
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Courtesy: E. I. du Pont de Nemours & Co, 


FIG. 7-22. Stroboscopic photograph showing motion pattern prior to motion planning on yarn 

doffing operation. 
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Courtesy: E. I. du Pont de Nemours & Co. 

FIG. 7-23. Stroboscopic photograph showing motion pattern after motion planning on yarn 

doffing operation. 
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tivity by at least 50 per cent. A right- and left-hand analysis of this 
proposed method would appear as shown in Figure 7—20. 

Figure 7-21 shows a work station for a “doffing yarn operation. Fig¬ 
ure 7-22 illustrates the motion pattern that the operator was following. 
The operation in this case was not planned and by means of stroboscopic 
photography, it can be seen that the operator was going through an 
elaborate body motion pattern. The planned method shown in Figure 
7-28 reduced the number and difficulty of the motions so that the op¬ 
erator is less fatigued and his production is greatly improved. 

The application of the laws of motion economy and an understanding 
of the therblig concept prove invaluable in establishing ideal methods in 
the planning stage, as well as improving existing methods. 

TEXT QUESTIONS 

1. When is micromotion study practical? 

2. Define and give examples of the seventeen fundamental motions, or ther- 
bligs. 

3. How may the basic motion search be eliminated from the work cycle? 

4. What basic motion generally precedes reach? 

5. What three variables affect the time for the basic motion move? 

6. How does the analyst or observer determine when the operator is perform¬ 
ing the element inspect? 

7. Explain the difference between avoidable and unavoidable delays. 

8. Why should fixed locations be provided at the work station for all tools 
and materials? 

9. Which of the five classes of motion is the one most used by industrial 
workers? 

10. Why is it desirable to have the feet working only when the hands are 
occupied? 

11. Explain the significance of human dimensions. 

GENERAL QUESTIONS 

1. Which of the seventeen therbligs are classed as effective, and usually can¬ 
not be removed from the work cycle? 

2. Take an operation out of your daily routine such as dressing, analyze it 
through the operator process chart, and try to improve the efficiency of 
your movements. 

3. Explain why effective visual areas are reduced where concentrated atten¬ 
tion will be required. 





CHAPTER 8 


Micromotion Study 


■HE COST OF CONDUCTING A MI- 

cromotion study is approximately four times as great as the cost of con¬ 
ducting a visual motion study of the same operation. Consequently, it 
is only when the activity of a specific job or class of work is high that it 
is economically sound to utilize moving pictures for motion study. The 
term micromotion study” is used to signify the making of a detailed 
motion study employing the motion-picture technique. Here each space 
occupied by a single picture on the moving picture film, known as a 
frame, is projected and studied independently, and then collectively 
with successive frames. 

The basic division-of-motion or therblig concept is usually more im¬ 
portant in making a micromotion study than in conducting a visual mo¬ 
tion study, in that a work assignment can more readily be broken down 
into basic elements with the frame-by-frame analysis than when visual 
motion studies are made. Since the object of the micromotion procedure 
is to uncover every possible opportunity for improvement, down to the 
performance of each therblig, it is fundamental that the analyst be able 
to identify each basic division as performed. 

Those laws of motion economy cited in Chapter 7 are equally valid in 
micromotion study work. In fact, they should be expanded to include 
the following corollaries: 

A. Use of the human body 

1. Habits of best sequences of therbligs should be established. 

2. Any substantial variation in time required for a given therblig should 
be investigated and the cause determined. 

3. Hesitations should be carefully examined and analyzed so as to de¬ 
termine causes and then to eliminate them. 
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4. Cycles and portions of cycles completed in the least amount of time 
should be used as a goal to attain. Deviations from these minimum 
times should be studied in order to determine cause. 

B. Arrangement and conditions of the workplace 

1. Tools and materials should be located so as to allow the best possible 
sequence of therbligs, thus automatically building up rhythm in bal¬ 
listic type movements that are faster, easier, and more accurate. 

Preparing for the Micromotion Study 

It is usually advisable to take motion pictures of the operation or 
operations to be studied in the laboratory provided for the purpose. This 
allows making the study without the interferences that would be en¬ 
countered on the production floor, and permits taking adequate time so 
as to assure first-class pictures. Also, difficulty in providing such aids as 
adequate light, three-dimensional background (see Figure 8-1), and 
timing devices in the factory make taking of pictures in a laboratory 
more satisfactory. 

Of course, at times it will be necessary to take the pictures outside of 
the laboratory, as for certain machine operations when it would be im¬ 
practical to provide the facility in the laboratory. In fact, in the interest 
of economy, several industries today take all of their studies at the 
regular workplace in the factory. Satisfactory pictures can be made in 
this manner, but they will be assured if taken in the laboratory. 

In making a micromotion study, it is wise to study either the best or, 
preferably, the best two operators. This procedure is quite different 
from time study where usually an average operator is selected for study 
(see Chapter 14). It is not always possible because the operation might 
be performed by only one person. In such instances, if past perform¬ 
ance indicates that the individual is only a fair or a poor operator, then 
a competent, skilled, co-operative employee should be trained in the 
operation before the pictures are taken. Only first-class, proficient op¬ 
erators should be selected for filming. This is fundamental for a number 
of reasons: the proficient employee is usually a dexterous individual 
who will instinctively follow the laws of motion economy related to the 
use of the human body; this type of operator is usually co-operative and 
willing to be photographed; extra effort put forth by this operator will 
show greater results than when similar effort is employed by the medi¬ 
ocre person. 

If the best two operators have been studied, analysis will indicate 
proficiency in different areas of the cycle for the two men. This may 
lead to greater improvement than if only one individual is studied. 

The people who are being studied should be given at least a day s 
notice prior to the taking of the motion picture. This allows them to 
make any personal preparations they may wish and also permits them 
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to choose wearing apparel that will be conducive to making clear 
pictures. b 

In order to secure the co-operation of the foreman, it is essential that 
he be advised of the plans several days in advance. This is necessary so 
that he will be able to adjust his personnel in order to assure that his 
projected production schedules will be maintained. Interruptions 
brought about by film analysis work may cause a given section to lose 
several valuable man-hours, and if the foreman is not given advance 
notice of contemplated motion study work involving his section, he can 
hardly be expected to be co-operative. 

Micromotion Study as a Training Aid 

In addition to being used as a method improvement tool, micromo- 
tion study is finding increasing use as a training aid. The world of 
sports has used this tool for many years, for the purpose of developing 
timing of movement, rhythm, and smoothness of performance in various 
athletes. Motion pictures are made of outstanding performers in a given 
sport, and then the pictures are enlarged several times and projected 
on the screen so as to facilitate detailed analysis of their motions. Less 
proficient performers are then able to pattern their efforts after the 
experts. 

Industry is finding that it can attain the same results accomplished in 
the area of athletics. By filming highly skilled workmen and showing 
the pictures in slow motion and highly enlarged, it is possible to train 

new employees in a minimum of time to follow the ideal motion-method 
pattern. 

One Pennsylvania concern engaged in the manufacture of loose-leaf 
notebooks, writing paper, envelopes, tablets, and similar paper “ items 
continually takes motion pictures for training purposes, not only in its 
own plant but in affiliated plants. By continually exchanging motion pic¬ 
tures taken at the different plants, they can take advantage of method 
improvements introduced throughout the corporation, and they are able 
to train their employees in following the new method in a minimum of 
time. 

Management should take full advantage of the industrial movies, once 
a micromotion program is launched. By showing all pictures taken of the 
various operations to the operators involved and to their fellow workers, 
immeasurable goodwill and individual interest are established through¬ 
out the organization. Once operators understand the usefulness and 
need of micromotion study, their assistance can be enlisted in the work¬ 
ing out of improved methods. 

Micromotion Equipment 

In order to be able to do an acceptable job in micromotion study it 
will be necessary to budget a minimum of $1,500 for camera, projection 
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equipment, and the other facilities necessary to carry out a complete 
program. This figure is only a rough approximation based on current 
prices and can fluctuate appreciably in either direction as market condi¬ 
tions change. 

Today, industrial pictures are almost altogether confined to 16mm. 
and this size equipment will prove to be quite satisfactory. It offers an 
excellent alternative to the high-cost 35mm. equipment and the lack of 
detail experienced with 8mm. facilities. 

The Mofion-Picfure Camera 

The most important piece of equipment in micromotion work is the 
camera. Several acceptable cameras are on the market today, each hav¬ 
ing certain desirable features. Some cameras are equipped with spring 
drive, others with electric motor drive, and some provide both of these 
drives in the same camera. Straight spring-driven cameras are on the 
average about 30 per cent lower in cost than constant speed, motor- 
driven cameras, and offer the additional advantage of not requiring a 
nearby power source. In general, the film capacity of the spring-driven 
camera is as large or larger than that of its motor-driven companion. 

The principal disadvantage of the spring-driven camera is that re¬ 
winding is a periodic necessity. The operator may forget to do this and 
have to stop and rewind at a critical point in the job being studied. A 
decade ago these cameras sometimes failed to maintain an even speed, 
but the better spring-driven cameras on the market today run at a speed 
sufficiently constant to offer no problem in this respect. 

Electric, synchronous, motor-driven cameras assure constant speed 
exposure, and thus it is not necessary to include a microchronometer or 
other timing device in the background of the pictures being taken. 



FIG. 8-2. Eastman Cine- 
Kodak Special II camera 
equipped with 200-foot mag¬ 
azine, standard Kodak Cine 
Ektar f/l.4 lens and acces¬ 
sory Kodak Cine Ektar 
102mm. f/2.7 (long-focus) 

lens. 




Standard models are available which allow speeds of either 1 frame per 
second, 10 frames per second, or 1,000 frames per minute. The latter, 
being the most popular for motion study work, is slightly faster than the 
normal camera speed of 960 frames per minute (see Figures 8-2 and 
8-3). 


The Lens 

In selecting a camera, one must consider the matter of “picture-making 
scope.” 1 This depends almost entirely on the lens and the shutter. 

The larger a lens is in relation to its focal length, which is the distance 
from the lens to the film, the more light will be admitted during a given 
period, and the more light per interval, the greater the scope given to 
the camera. 

Often we hear the term “speed” referred to when describing the lens 
of the camera. By “speed” is meant the comparison of the diameter to 
the focal length of the lens. Thus, an f /16 lens is one whose diameter 
is one sixteenth of its focal length. Likewise, an //3.5 lens is one in 
which the diameter is 1/3.5 of its focal length. From this, it can readily 
be seen that the larger the f number, the slower the lens and the smaller 
the f number, the faster the lens. Actually the f number of a lens is de¬ 
termined by the ratio of the focal length and the aperture (diameter of 
the largest diaphragm opening) at which the lens will be most effective. 

The faster a lens, the greater its cost. In order to be assured of good 
pictures throughout a plant, an //1.9 lens should be provided. This lens 
will give the versatility needed for almost all industrial pictures. To com¬ 
pare the speeds of two lenses, keep in mind that the speeds will vary 

1 How to Make Good Pictures, Eastman Kodak Company, Rochester, N.Y. 
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inversely as the square of their f numbers. Thus an //4 lens would be 
sixteen times as fast as an //16 lens (see Figure 8-4). 

To be assured of getting good pictures in all situations, three lenses 
should be provided: one of standard focal length with a field width of 



Courtesy: Eastman Kodak Co. 

FIG. 8-4. The larger the relative size of the lens, the greater is its speed, or ability to collect 
light and transmit it to the film—and the shorter the exposure needed under any given light con¬ 
ditions. Notice, also, that as size and ability increase, the lens in general becomes more complex, 
hence more expensive to make. 
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Courtesy: Eastman Kodak Co. 


FIG. 8—5. Relationship of focal length of lens to object size and distance 
and image size. 

approximately 10 feet at a 25-foot distance; a wide-angle lens giving 
a 15-foot field width at a 25-foot distance; and a long-focus lens with a 
field width of about three feet at a 25-foot distance (see Figure 8-5). 

Often it is not possible to move the camera equipped with only 
standard lens far enough away from the scene to secure all of the de¬ 
tails required. Hie size of the room or work area may be such that it 
limits positioning the camera. In cases like this, a wide-angle lens is 
necessary to broaden and heighten the field of view, so that analysis can 
be made of the complete work station and all of the operators move¬ 
ments. 

The long-focus lens is employed when it becomes desirable to obtain 
greater detail, through larger images, than is possible with the stand¬ 
ard lens. This situation may frequently arise when studying the finger 
motions of the operator performing a delicate manipulative operation. 
In such situations, it would be disturbing to the operator to move the 
camera as close as would be necessary if only a standard lens were 
available. 

It is well to remember that the wide-angle lens will minimize camera 
movement, and rock-steady pictures can readily be taken by Holding 
the camera against the head. However, when the long-focus or telephoto 
lens is put into use, camera movements will be accentuated. Therefore, 
a tripod must be used in order to get steady pictures when filming with 
this lens. 

The Shutter 

It is important that shutter speeds do not vary: all the good effects of 
a fine lens can be nullified through lack of control of the shutter. The 
camera purchased must be of such quality that shutter speeds can be 
depended upon. 
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Black-and-Whife versus Color Film 

There is usually the consideration of whether or not to use color film 
The obvious advantage of color film is its universal appeal when pro¬ 
jected on the screen. If the films are shown to members of the produc¬ 
tion floor for industrial relations purposes, the extra cost of colored film 
is well justified. Colored film generally costs about one third more than 
black-and-white reversible film. 

To obtain good pictures using colored film requires greater care be¬ 
cause lighting is considerably more critical. With the fast lenses and 
high-speed films available, excellent black-and-white movies can be 
made with regular industrial lighting fixtures. However, if colored film is 
used it is necessary to introduce photographic flood or reflector-type 
flood lamps. In addition to the high illumination level needed for proper 
exposure of colored film, it is important that the light be sufficiently dis¬ 
persed so that all colors are uniformly lighted. This requirement should 
be met, since contrast in colored photography is provided by differences 
between colors. 

Since less care relative to lighting need be exercised, and the film 
costs less, it is wise to begin a motion study program by taking black- 
and-white pictures. As further use of the pictures becomes advisable and 
experience is gained, it may be well to use colored film. 

Light Meter 

Even though a broad latitude is given in XX reversible film, judg¬ 
ment should not be relied upon to determine the intensity of the light 
being cast upon the subject that is to be photographed. A light meterAs 
the only tool that assures an accurate recording of the light intensity. 
Since the light that strikes the film in the camera is reflected light it is 
necessary that this light be measured rather than incident light which 
is the light cast upon the subject. 

It must be remembered that the exposure should be constant for the 
him being used. Since exposure equals light times time, it is essential 
that the quantity of light be known. If the quantity of light is small the 

time will be great; conversely, if the amount of light is great, the time 
will be short. 

A photoelectric cell exposure meter is shown in Figure 8-6 A light 
reading is made by aiming the meter toward the scene and pointing the 
instrument downward. It is important that the meter is not pointed to¬ 
ward a floodlight or, for outdoor pictures, toward the sky. If this is done 
an inflated reading will result in improper setting of the /-stop number 
and consequent underexposure of the film. Reflected brightness from 
the scene energizes the light-sensitive photoelectric cell, and intensity is 
read on the scale in candles per square foot. 
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FIG. 8-6. Exposure meter for meosuring intensity of reflected 
light. 
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Floodlights 

With the high-speed films and fast lenses available today, black-and- 
white pictures can be made satisfactorily in a good share of the f ac tory 
without the aid of supplementary lighting. There will, however, be cas s 
where it may be desirable to take pictures m areas away fiom wmdo 
and light fixtures; then supplementary lighting will be needed m order 

t0 WherTadditioMi°iiglit S is called for, two floodlights will take care of the 
job One should be placed close to either side of the camera, while the 
second should be located so that a 45-degree angle is made between 
the floodlight and the axis running through the camera and the subject 
Figure 8-7 illustrates a photographic flood lamp and reflector equippe 
isntTi n kall-and-swivel socket to allow positioning at any ang e. 



Courtesy: Lafayette Instrument Co. 


FIG. 8-8. Sixteen millimeter projector equipped with 
indexer. Designed tor film analysis, this projector wdl index one 


«A*itU e/i/'h 
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Projection Equipment 

Many styles and makes of projection equipment are available today 
and care should be exercised in selecting a projector that will allow: 

1. Counting frames. 

2. Hand cranking as well as power drive. 

3. Variable speed projecting. 

4. Clear pictures. 

If the projector is equipped with a frame counter, it will save the 
analyst the laborious, monotonous operation of counting frames while 
analyzing elemental motions. 

The hand-crank attachment is necessary in order to move the film one 
frame at a time either backward or forward, depending on whether a 
clockwise or counterclockwise direction is used. 

Variable speed is a characteristic which makes the projector more 
versatile. When this feature is incorporated in the projector, it will be 
useful for training operators in following the correct method. Also, it 
will be helpful in training time study men to performance rate or level 
(see Chapter 15). Figure 8-8 illustrates a 16mm. projector that gives 



FIG. 8-9. Microchronometer. 
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all the fundamental characteristics required to do a good job of project¬ 
ing for both motion study and micromotion study work. 

Microchronometer 

Frank Gilbreth designed a fast-moving, spring-driven clock which re¬ 
corded time to .0005 minutes. He called his clock a microchronometer 
and used it for determining elapsed elemental times when viewing his 
films taken with a hand-cranked camera. 

The microchronometer shown in Figure 8-9 is driven by a synchro¬ 
nous motor, thus assuring constant speed. There are 100 divisions on the 
face of the clock, each having a value of .0005 minutes. The large sweep 
hand makes a complete revolution in three seconds, while the smaller 
hand takes 30 seconds to circle the dial. 

By placing the microchronometer within the viewing area, the analyst 
can determine the elapsed time from one frame to the next. It also serves 
to identify specific cycles or points within a cycle. 

Splicer and Viewer 

Once the pictures have been taken and developed, they will need to 
be reviewed for specific titling, removal of certain substandard parts, 
adjustment of sequence, and so forth. A combination splicer, viewer, and 
rewinder, as illustrated in Figure 8-10, has been designed to aid in per¬ 
forming the editing function. As the film is passed through the viewer, it 



Courtesy: Craig, Inc. 


FIG. 8 10. Combination splicer, viewer, and rewinder makes a convenient tool to perform the 

editing function. 
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spection of the film. 

1 tried in Figure 8-11, is available. This unit has a recessed area for 

arrangement permits viewing the pictures at extremely close ra g . 
that all details' of each frame are clearly observed. Since the Futures are 

quite sharp even in bright daylight, the analyst ^recordgtadakLss 
data as he goes along without the inconvenience of working m daikn . 



F1G 8-11. Observer is analyzing o film under normal daylight conditions. Note clarity of im. 
riw * ° on optical screen. 
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Storage of Films 

UniterT^a t° 5 A* ^ 3 r6SUlt ° f USe ° r misuse ’ rather than st °rage. In the 

^^^do S n r<le“£ gSy from 
growth^ an^£^ Umid ’ t ^ 75°F* I^stor^fl^s^eginTo *show moS 

h 9r V' ■" f ~ - 

mm. films available today are produced on a safety base and 
present no particularly dangerous fire hazard. In fact, the hazard T„ 

^ ° f “* -P- storecTin the 

n , Ide f>Vfi llns should he placed in cans and stored on edge in metal 
cabinets. The cabinets should not be located in basements of top build¬ 
ing floors, as basements invariably are too damp and top floors frequently 

'ZZ •”i? ta —• ■” «»-*«, S. sJZt% 

are not placed up against a source of heat such as a radiator or steal 

pipe. 

Many metal storage cabinets available today allow controlled humidi 
flcation When the humidity drops below 25 per cent, the proper ZZt 
m b. added ,»d the .1, circulated by atechLL h„" ,dl 


Summary 

In summary, the following equipment is recommended in order to 
labor Xiofb^ItT 111 * miCr ° m ° ti0n “**"» suiting 

2. ofe f/l^Tefs iCtUre Cam6ra With fil ™ ca P acit y of 100 feet ' 

3. One wide-angle lens. 

4. One telescopic lens. 

5 ‘ °U)S POd With head that Can be r0tated ° n both a horizontal and verti- 

6. One exposure meter. 

7. Two photoflood lamps with swivel-type reflectors. 

£“ P r T c tor with hand-crank and frame counter attachment adanted 
for showing films at normal speed to audiences. P d 

y. One portable screen. 

10. One optical screen, 

11. One titling kit. 

12. One splicer and viewer. 

13. One steel cabinet for film storage. 

14. One microchronometer. 
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TEXT QUESTIONS 

1. How does micromotion study differ from motion study? 

2. For micromotion study, what additional considerations should be given to 
“use of human body” and “arrangement and conditions of workplace”? 

3. What advantage is there in taking micromotion pictures in the laboratory 
provided for that purpose as compared to the production floor? 

4. Why is the best operator usually selected in the micromotion procedure? 

5. What consideration should be given the foreman relative to taking micro¬ 
motion pictures in his department? 

6. How can micromotion study be helpful in training? 

7. What types of cameras have been used for micromotion study? Wjiat are 
the advantages and disadvantages of each? 

8. Why are the lens and shutter important in micromotion photography? 

9. Why isn’t color film used more often in micromotion study? Summarize the 
advantages of color film. 

10. Why is a light meter necessary in micromotion photography? 

11. What extra devices should be included with a projector so as to make it 
ideal for film analysis work? 

12. Where should the microchronometer be placed during the picture taking 
process? 

13. What is an optical screen? What are the advantages of using one? 

14. How does humidity affect stored films? 

15. What is meant by the “speed” of the lens? 

16. How fast would an //1.8 lens be as compared to an //5.6 lens? 

17. Would an //16 lens be considered a fast lens? Why? 

GENERAL QUESTIONS 

1. Make a sketch of your desk or work station and show arrangement and 
conditions that would agree with the laws of motion economy and their 
corollaries. 

2. Interview at least two factory workmen and get their reaction to micromo¬ 
tion study through the film analysis technique. 

3. What activity within an industrial organization other than methods analy¬ 
sis might include the use of micromotion equipment? How? 

4. Discuss the relative merits of the telephoto and the wide-angle lens. 


CHAPTER 9 


Taking Motion Pictures for Micro¬ 
motion Study and Film Analysis 


In general, the fundamental 
steps in making a micromotion study, in order of their chronological 
sequence, are: 

1. Take moving pictures of two of the most superior operators. 

2. Analyze the film on a frame-by-frame basis, plotting the results on a 
simo chart (simultaneous motion chart). 

3. Consider the laws of motion economy and their corollaries and create an 
improved method. 

4. Teach and standardize the new method. 

5. Take moving pictures of the new method. 

Taking the Moving Pictures 

Several factors should be checked before taking moving pictures on 
the production floor or in the laboratory. First, be sure that the selected 
operators have had a reasonable advance notice that pictures are to be 
taken. This is important so that they can be properly groomed and 
attired. It is also necessary to be sure that clearance has been obtained 
from the departmental foreman for the use of his operators. In some 
plants, it is necessary to obtain clearance from the union before proceed¬ 
ing with the picture taking. Even if this is not required, it is always wise, 
in the interests of healthy labor relations, to keep the union officers com¬ 
pletely informed as to the intent relative to all phases of the moving- 
picture procedure. This is important since some plants have misused the 
data developed by the micromotion technique to the detriment of or- 
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gamzed labor and thus have caused suspicion and resentment toward 
the filmmg technique. Every effort should be made to avoid creating the 
same reaction to the micromotion procedure that developed toward the 
Stop watch during the 1920 s. 

Then make sure that there is an adequate inventory of material so that 
it will not be necessary to replenish various supplies during the picture 
taking process. The camera should be carefully checked to ascertain that 
it is in good working order and that the lens is clean. After this the 
cameraman should be ready to place the camera in the most advanta- 
geous position for taking pictures. 

As has been pointed out, it is possible to get fairly steady pictures by 
holding the camera in the hand while supported against the head- how- 
eyer, it is advisable to use a good, sturdy tripod. The camera should be 
placed as close to the work area as conveniently possible so as to give 
clear detail of the most remote areas of the work station within which the 
operator performs. When the camera is placed at a sufficient height the 
operator motions in the horizontal plane will tend to be perpendicular to 
the hne of sight and consequently, will be easily analyzed upon projec¬ 
tion of the developed film. When pictures are filmed in the laboratory a 
mirror can be placed close to the work station at an angle of about 45 
degrees. This will give a top view as well as front view when pictures are 

taken with the line of sight parallel to the plane of the work station (see 
kigure 9-1). v 



Courtesy: Advanced Management 

FIG. 9-1. Three-dimensional view of operator at work station allows all motions to be in clear 

view for analysis purposes. 



180 MOTION AND TIME STUDY 

By placing a grid background behind the operator and perpendicular 
to the work station, and incorporating a similar cross section with two- 
inch scribed squares on the work area, it will be possible for the micro¬ 
motion analyst to record true distances of the elemental therbligs when 
analyzing the film. Depending on the position of the grids and the posi¬ 
tion of the hand relative to the grid, grid distances will have to be cor¬ 
rected in order to obtain true distances. The correction factor may be 
determined by ordinary triangulation. 

Upon completing the arrangement of the scene, loading the camera, 
and checking the illumination with the exposure meter, the analyst 


MICROMOTION STUDY DATA SHEET 


Operation - 

Operator - 

Film Wo.--- 

Camera -- 

Frames per Min — 

Light Reading - 

Performance Factor 

SKETCH OF WORKPLACE 0 CAMERA ARRANGEMENT 

SCALE 7/4"=- 


No _Part No . -Dwg.. 

Date_— Method -— 

___ Lens ---— 

_ Exposure - Film Type - 

_ Aperature "f —-- Focus - 

_ Time of Day --— 


FIG. 9-2. Micromotion study data sheet. 
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should set the lens to the correct opening as determined by the exposure 
meter for the emulsion speed of the film being used. Next, the distance 
between the subject and the film plane should be measured and the lens 
focused while precision-framing the subject. Pertinent information rela¬ 
tive to the various camera adjustments should then be recorded on the 
micromotion study data sheet (see Figure 9-2). 

After the above has been done, the camera film meter should be set to 
zero so that it will be possible to detect at all times the number of feet 
of exposed film and the remaining feet of unexposed film in the camera. 
This procedure is not necessary on some modern cameras, as reloading 
automatically sets the dial at zero feet of exposed film. At this point 
make sure that the speed required has been established and that the 
camera has been wound. (This of course is not necessary in electric- 
driven cameras.) About 35 feet of film at normal speed of 16 frames per 
second can be exposed before it is necessary to rewind the camera. 
Modern cameras have a warning bell that sounds when they are nearly 
run down. After the bell rings, about three additional feet of film can be 
exposed without fear of variation in the film exposure speed. 

Upon completion of several practice cycles so as to relieve the operator 
of any nervousness he may have developed while being "put under the 
spotlight,” he is requested to give his best performance, and then the 
film is exposed. Several cycles, depending on their duration, should be 
taken for analysis. Often, the first cycle is unsatisfactory, as the operator 
may develop a case of nerves when he hears the camera begin to operate. 
This reaction is usually short in duration, and he will soon acquire his 
normal feel for the work. Usually, operators enjoy being photographed, 
and little difficulty is encountered in getting excellent co-operation from 

them. 


Analyzing the Film 

Before analyzing the film, the analyst should run the pictures through 
several times in order to determine the cycle that represents the best 
performance. If the projector is equipped with a frame counter, this can 
readily be done by noting the transpired frames of each cycle. If a 
microchronometer was included in the scene, then it is a simple matter 
to observe the "winks” required to perform the cycle from the projected 
pictures. The shortest cycle usually is the best one to study. 

Once the cycle that is to be studied is determined, the analyst can 
begin the frame-by-frame analysis procedure. Although the study can be 
made at any point in the cycle, it is customary to begin the analysis at 
the frame after "release of finished part” of the previous cycle. Thus, the 
first basic operation employed in most instances would be reach m order 
to pick up a part or tool so as to begin production on the cycle being 

studied. 
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Once the starting point of the cycle has been determined, then the 
analyst should set the frame counter to zero so as to facilitate recording 
elapsed elemental times. 

After the therblig being employed by the operator is noted, the film 
should be advanced a frame at a time until termination of the basic 
division. The number of frames exposed is then read off the frame counter 
and recorded on the micromotion data sheet. 

Reach and move motions are considered as beginning at the frame 
preceding the frame in which noticeable movement occurs, and as end¬ 
ing in the frame where noticeable motion ceases. In motions where only 
minor movements occur, such as grasp, release, and position, the begin¬ 
ning point is considered to be the frame in which the preceding motion 
ended, and the ending point is the frame preceding the one in which 
the following motion showed noticeable movement. 

While reviewing the film, the analyst carefully observes the motion 
class being used while performing the basic division, and records this 
information on his data sheet. At all times, the analyst must have an open 
and probing mind so as to determine the possibilities of either eliminating 
or improving each basic division. 

After briefly describing the basic division in the space provided (as 
‘move 12 inches for fixture” in Figure 9-3), the analyst draws a horizontal 
line across the portion of the paper representing the body member being 
studied. For the most part, only the arms and hands of the operator are 
studied, although sometimes it is desirable to analyze foot motions as well 
as the body motions. 

The motion symbol should be recorded in the space provided, and 
in combined motions, symbols of the elements occurring simultaneously 
s ould be noted. Thus, a preposition may occur during a move, such as 
when the hand aligns a bolt while transporting it. In this case, the ele¬ 
ment description would be “Move bolt -inches,” and the symbols 

recorded would be “P.P. and M.” 

In the motion class columns, it is helpful to differentiate the productive 
elements from the nonproductive elements. This is usually done through 
color; thus, the elements reach, grasp, move, use, and assemble would be 
shown as solid black, and the remainder of the therbligs would be shown 
in red or by crosshatching if the charts are to be duplicated. Delay times 
are signified as Class 1 motions in red. All other therbligs are identified 
on the chart by the motion class utilized in performing the operation. 

The time scale selected should provide enough room to identify clearly 
the shortest basic divisions so as to give a neat-appearing chart that can 
be easily studied and diagnosed for improvement. Release is the shortest 
or all the therbligs, taking but one frame at normal camera speed. Thus, 
if each division of the time scale shown in Figure 9-4 should be equated 
to .002 of a minute or four “winks,” a neat-appearing chart would result. 
After the first basic division of one hand has been studied, analyzed, 
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DATE: JANUARY 9 


DEPT. I.E. 320 


DRAWING: SEE REPORT 


PART NO. 1U 


PART DESCRIPTION: VISE CLAMP 

OPERATION: ASSEMBLY 


FILM SPEED: 16 FRAMES/SEC. 



FIG. 9-3. Film analysis of vise clamp assembly. 


SCREW IN SCREWS 


2579 


READINGS 
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and the method recorded, the film should be slowly advanced, and the 
next basic division should likewise be studied and so on until completion 
of the cycle. In order to avoid confusion, one hand should be completely 
studied before beginning to study the other hand. As the second hand is 
being considered, periodic check should be made to verify that the mo¬ 
tions recorded are occurring in the same relationship with the other hand 
as indicated in the analysis sheet. The analyst must remember that when 
the projected picture is reviewed the left arm is on the right side of the 
picture. In fact, all directions are reversed. 

After both hands have been completely charted, a summary should be 
included at the bottom of the chart showing the cycle time, pieces made 
per cycle, production time per cycle, and nonproduction time per cycle. 
Sometimes a sketch of the workplace is helpful and this can be included 
at the bottom of the chart. The sketch usually is not necessary, as the 
film will give a pictorial presentation of the work area. 

Create an Improved Method 

After the simo chart has been completed, the next step is to use it. 
The nonproductive sections of the chart represent a good place to start. 
These sections will include the therbligs hold, search, select, position, 
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preposition, inspect, and plan, and all the delays. The more of these that 
can be eliminated, the better will be the proposed method. However the 
analyse should not be confined to the red sections of the chart, as possi¬ 
bilities for improvement exist in the productive portions as well For 
example, the productive element “reach 24” can be improved by re¬ 
ducing the distance and, consequently, lowering the motion class. 

A micromotion check list is helpful for the analyst so that he does 

v-tt f ” g6t t0 consi< ^ er the feasible possibilities for improvement. Table 
VII illustrates a check list that covers most of the considerations that 


TABLE VII 


Check List for Simo Chart 


1. Are both hands beginning their therbligs simultaneously? 

2. Are both hands ending their therbligs at the same time? 
d. Lan delay or idle times be removed from the cycle? 

4. Is the motion pattern of the arms symmetrical? 

5. Are motions made radially from the body in opposite directions? 
t>* Can a fixture be incorporated so as to eliminate hold? 

7. Are all materials and tools within the normal work area in both the 
horizontal and vertical planes? 

8. Are motions confined to lowest possible classifications? 

’ motions? materidS l0Cated 80 as to P ermit best sequence of 

10. Can foot-operated mechanisms be advantageously introduced? 

11. Have gravity chutes and drop delivery been provided for? 

12. Are all tools prepositioned in a manner to minimize grasp time and 
reduce the search and select therbligs? 

13. Has an automatic ejector been incorporated in the fixture? 

14. Can position times be reduced by providing “pilots” or some other 
device for mating parts? 


apply to the laws of motion economy and their corollaries. 

Figure 9-5 illustrates a completed simo chart of the assembly of a 
variable resistor. This chart was constructed after a new fixture was de¬ 
veloped to facilitate assembly and represents a method considerably im- 
proved over the original method of assembly. Yet an analysis of this 
chart will disclose several areas for further improvement. The right- and 
left-hand movements are not balanced in many parts of the cycle and 
there are ten ineffective motions performed by the left hand and eleven 
ineffective motions executed by the right hand. Several of the moves and 
reaches appear to be unduly long, suggesting shortening of distances at 
the work station layout. 

The micromotion technique should be used to uncover every ineffi¬ 
ciency regardless of its apparent insignificance. Sufficient numbers of mi¬ 
nute improvements in total will result in an appreciable annual savings. 
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Teach and Standardize the New Method 

In order to be assured that full benefits are realized from the micro¬ 
motion study, it is important that the improved method be put into 
practice as soon as possible and that it be followed m exact detail by all 
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operators to whom it applies. Verbal explanations as to the motion pattern 
to be followed are usually inadequate: both time and effort will be 
saved if an instruction chart is completed giving specific information as 
to the “how” of the improved method. 

The typical micromotion instruction sheet, in form, is similar to the 
operator process chart discussed in Chapter 6. A layout of the work area 
drawn to scale heads the instruction sheet and following this is shown 
the motion sequence of both the right hand and the left hand. These 
elements appear in relationship to each other. Special tools such as form 
cutters, gages, jigs, and fixtures are identified after the element in which 
they are used. Also, speeds, feeds, depth of cut, and other pertinent man¬ 
ufacturing information will be shown. Usually, a time summary will ac¬ 
company the instruction sheet, so that the operator will be able to 
measure his performance against standard while being trained in the 
new method. A typical instruction sheet appears in Figure 9-6. 


TURRET LATHE INSTRUCTION SHEET 



OPERATION. 


MACHINE NO.. 
COLLET SIZE. 


Face, drill, bore, & ream gear blank 


TOOLS 3- Jaw Universal ..Chuck- 


PART NO. _ 
OPER. NO- 

DATE._ 

MAT'L 


J-1102 
2 

Marc h 1 3 


ft.RM. 564 



STANDARD SET-UP TIME 45 MIN. TOTAL STANDARD TIME PER PIECE 3—iP., MIN. 


LEFT HAND 

BASE TIME 

RIGHT HAND 

Pick up chuck wrench and tighten chuck 

.20 min. 

Pick up casting, place in chuck 

Start machine and engage feed 

.05 min. 

Present facing tool 

Face casting 

.52 min. 

Face casting-plug gage (F-l 112) part 
from previdus cycle 

Back-off facing tool, change speed 

.06 min. 

Present center drill and center drill,, 

Change feed 

.05 min. 

Index hex turret 

Drill 33/64" H.S.S. 

.20 min. 

Drill 33/64" H.S.S. 

Change speed and feed 

.07 min. 

Index hex turret 

Drill_ 13/16" H.S.S. 

. 15 min. 

Drill 13/16" H.S.S. 

Change feed 

.05 min. 

Index hex turret 

Bore to .865 

.22 min. 

Bore to .865" 

Change feed and speed 

.07 min. 

Index hex turret 

Ream to .868 (F-l 102) 

.32 min. 

Ream to .868 (F-1102) 

Stop machine 

.08 min. 

Double index 

Hold chuck 

.08 min. 

Pick up chuck wrench and open chuck 

Lay aside piece for inspection 

.03 min. 

Lay aside chuck wrench 





FIG. 9-6. Instruction cord. 
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It is important that the foreman or line supervisor be well versed in 
the proposed method so that he will be able to give assistance in train¬ 
ing the workmen. Usually, instruction sheets are run off in ditto or some 
other rapid duplicating process so that copies can be filed in the methods 
section, time study section, and foremen s office, as well as given to each 
operator performing the operation. A hanger for the instruction sheet 
should be provided at the operator's work station so that it can readily be 
referred to at all times during the operating cycle. If a clear plastic 
envelope is provided to hold the instruction sheet, it will remain readable 
for a considerably longer period of time. 

The foreman, with the methods engineer, should periodically check 
each operation on the production floor to be sure that the new method is 
being followed, and to answer any question that may come up relative to 
the new procedure. Installation and follow-up are two very important 
phases in micromotion methods improvement. Often it is difficult for the 
average operator to justify the new method because the changes may 
appear so insignificant. Consequently, it will be necessary for both the 
foreman and the methods engineer to do a real job of selling the im¬ 
proved system. 

Unless periodic checks are made for at least several weeks, operators 
may go back to their old way of doing the job and disregard completely 
the new technique. One of the added benefits of the written instruction 
sheet is getting the operator to conform to the established instructions. 

As soon as one of the better operators has become skilled in the new 
method, moving pictures can be taken and a simo chart constructed to 
illustrate the improvements resulting from the study. The same oper¬ 
ators selected in making pictures of the unimproved method should be 
used. This will give a better comparison for evaluating the savings than if 
different operators were used in the final pictures. Once the new pictures 
have been taken, they should be used as a training tool for all other 
operators performing the same operation. Seeing how the operation 
should be done is much more helpful than reading or hearing how it 
should be done. The psychological impact of seeing a fellow worker 
perform the new method is a force in breaking down the inherent human 
resistance to change. 

The completed simo chart of the improved method when compared 
to the one drawn of the old method will clearly present the savings. 
Figure 9-7 illustrates a proposed method after a complete micromotion 
study. Note that this tool not only shows the amount of savings but viv¬ 
idly explains how these results were made possible. 

Other Motion Study Techniques Involving Photographic Methods 

There are two motion study techniques that give more detail than 
visual motion study and less than micromotion study. Both of these have 
application under certain conditions. These are: 




MOTION PICTURES FOR MICROMOTION STUDY 


SIMO CHART 


OPERATOR: Ken Reisch 
DATE: May 21, 
OPERATION: Assembly 
PART: Lace Finger 
METHOD: Proposed 
CHART BY: Jose]* Riley 



FIG. 9-7. Simo chart of improved method for the assembly of lace finger in textile machinery. 
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1. Memomotion study. 

2. Cycle graphic and chronocycle graphic study. 

Memomotion study is a moving picture technique developed by 
Marvin Mundel for analyzing the principal movements in an operation. 
When using the camera for “Memomotion” study, the analyst exposes the 
film at 50, 60, or 100 frames per minute. The speed of 100 frames per 
minute allows the timing of any element with the same precision as the 
decimal minute stop watch (see Chapter 13). Moreover, “Memomotion” 
gives a permanent record of the motion pattern being used and the 
method employed, thus permitting a more complete and detailed analysis 
than the procedure described under visual motion study. Memomotion 
study is particularly applicable for studying interrelated events where 
the activity does not justify a micromotion study. Consequently, on oper¬ 
ations where crew activities are employed, the technique is much more 
thorough and accurate than the visual type of study (Figure 9-8). 

On long cycle studies where the cost of a micromotion study would be 
prohibitive, the memomotion technique finds application since less film Is 
used and, consequently, the amount of film to be analyzed is reduced. 
The speed of one frame per second, the most popular in memomotion 
study movies, uses just one sixteenth the amount of film that would be 
utilized if the job were taken at normal speed. For example, to study a 
three-minute cycle job would require exposing only 4.5 feet of film. 


3 min. X 60 frames/min. 
40 frames/foot 


— 4.5 feet. 


The motion picture camera and other equipment described in Chap¬ 
ter 8 will be completely suitable for memomotion study work. However, it 
will be necessary to add to this a special 3- or 4-speed drive, costing 
between $250 and $350, which must be attached to the standard cam¬ 
era. 

A cyclegraph is a photographic record of a body motion. “Still” film 
is used, but a light is attached to the body member, so that the path of 
the motion is revealed when the picture is developed. 

A chronocyclegraph is similar to the cyclegraph, except that speed as 
well as path of the motion is determined from the resulting photograph. 
In the chronocyclegraph, the light attached to the body member flickers! 
Speed is determined by the length of the alternate streaks of light and 
dark voids. Consequently, it is possible for the analyst to determine 
hesitations that may develop because of some obstacle in the existing 
motion pattern. Likewise, the influence on time of directional change 
can be determined. It is also possible to determine if rhythm is being 
developed by taking a series of chronocyclegraphs of different cycles and 
noting the similarity in the movement paths. 

The practical uses of the cyclegraph and chronocyclegraph are con- 
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FIG. 9-8. Portion of memomotion study of four men operating hydraulic extrusion press. Film 
exposed at rate of one frame per second. 
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fined to operations of short cycle and those requiring skill. For such 
work, this type of study is particularly helpful in operator training. 

It is especially helpful in those work areas where no fixtures or tool 
stations exist to direct the motion pattern. For example, in the operation 
of wrapping lilt fixative and turban, or folding a garment, or making a 
bed no definite motion pattern is established by equipment to shape the 
movements of the hands. The chronocyclegraph will provide a record of 
the ideal motion pattern for the trainee to follow. 

It can be appreciated that, on complex motion patterns, the chrono¬ 
cyclegraph is a helpful supplement to the right- and left-hand process 
chart. With the chronocyclegraph giving a pictorial presentation of the 
motion pattern and the right- and left-hand chart a description of the 
motion pattern, a complete record is obtained. 

Both the chronocyclegraph and the cyclegraph were originally devel¬ 
oped by Gilbreth, but they have not been used extensively in this 
country. 

TEXT QUESTIONS 

1. What are the important steps in making a micromotion study? 

2. What precautionary procedures should be observed before beginning the 
actual filming? 

3. How does the simo chart differ from the operator process chart? 

4. Which motions are classified as ineffective on the simo chart? 

5. What class of motion is signified on the simo chart when plotting any of 
the delays? 

6. What is the purpose of the micromotion instruction sheet? 

7. In film analysis, why is it not advisable to analyze both hands simultane¬ 
ously? 

8. What advantages does memomotion study have over micromotion study? 

9. How much film would be required to study a cycle 13.5 minutes in dura¬ 
tion using a memomotion speed of 50 frames per minute? 

10. What advantages does the chronocyclegraphic study have over the cycle- 
graphic study? 

GENERAL QUESTIONS 

1. Why do some unions require permission before moving pictures are taken 
on the production floor? 

2. In general, what is the operators’ attitude relative to being filmed? 

3. How can industrial relations be improved with the micromotion proce¬ 
dure? 

4. Investigate the work done by Anne Shaw of England in conjunction with 
chronocyclegraphic studies. 










CHAPTER 10 


Synthetic Basic Motion Times 


By analyzing an operation’s 
basic divisions of accomplishment from the standpoint of the fundamental 
laws of motion economy, it is possible to perform the work more easily 
and speedily. Breaking a job down into its basic components highlights 
the ineffective motions and permits their elimination or improvement. 
However, up to this point, the element of time has not been mentioned. 
Because of the extremely short duration of therbligs, until recent years it 
was virtually impossible to measure their magnitude accurately. For ex¬ 
ample, the basic division “release” is performed in less than one frame of 
normal camera speed (e second). Until the advent of the high-speed 
camera, the terminal points of release could not be precisely identified. 

The potential uses of valid time values for the basic divisions of accom¬ 
plishment are apparent. With this additional information, it is possible to 
evaluate alternative motion patterns and eventually establish the com¬ 
pletely ideal method. Time standards can be achieved by merely itemiz¬ 
ing the basic divisions comprising an operation, assigning the appropriate 
time values, and then summing up the individual times. This would allow 
establishing consistent, accurate standards without complete dependence 
on the stop watch. 

Since the time of Taylor, management has realized the desirability of 
having the elements of time assigned to the various basic divisions of 
accomplishment. 

One of the earliest men to investigate this area was W. G. Holmes. He 
tabulated values based on the measurement of the various bpdy mem¬ 
bers, including the finger, hand, foot, and arm, in a Time of Movements 
Chart. 1 Representative times established by Holmes are: 

1 W. G. Holmes, Applied Time and Motion Study (New York: Ronald Press Co., 
1938), p. 244. 
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1. Hand with hinge movement at the wrist .0022 minute when moved 0 to 
2 inches. 

2. Arm with angular movement at the shoulder .0060 minute when moved 
30 degrees. 

3. Nerve reaction, eye to brain or reverse .0003 minute. 

Actually, Holmes has taken his analysis to such a point that it is diffi¬ 
cult and cumbersome to handle. He has provided times for nerve re- 
actmns from the eye to the brain, the knee to the brain, and the foot to 
the brain; also, times for mental process and mind decision such as 
time to hear or smell, or realize contact. 

R. M. Barnes has advocated a technique similar to Holmes’ in the 
development of basic motion data. Barnes states: “There is a trend to¬ 
ward the use of standard time values for therbligs or combination of 
therbligs and under certain conditions such time values may be more 

useful than the time values for longer elements obtained from stop watch 
time studies.” 2 r 

Barnes’ analysis was further developed by Harold Engstrom at the 
General Electric Company in Bridgeport, Connecticut. Engstrom de- 
scribed his technique as follows: 3 


2 . 


3. 


Analyze certain classes of work such as light bench assembly work or 
machine operation. The standards developed must be confined to par¬ 
ticular classes of work and no attempt made to embrace the entire gamut 
ot industrial operations. & 

The jobs are then time studied to determine the basic elements of which 
they are comprised. 

These time studied jobs are then photographed by means of a measure¬ 
ment camera tor the purpose of micromotion analysis. 

4. The evaluations of the effort of the worker are then made. 

5. From the motion pictures previously taken, make combinations of ther¬ 
bligs into two major classifications, such as Get, which consists of Trans¬ 
port Empty and Grasp; Place, which consists of Transport Loaded, Pre- 
position, Position, and Release Load. Dispose should be treated as Place. 

o. 1 hese data are then tabulated. 


It has never been a question of need but a question of how can the 
job of determining time values for the various basic divisions be done 
practically. In recent years, considerable progress has been made in the 
assignment of time values to basic elements of work. These time values 
are referred to as synthetic basic motion times. 


Definition of Synthetic Basic Motion Times 

Synthetic basic motion times are a collection of valid time standards 
assi g ned to fundamental motions and groups of motions that cannot be 

Son S 2 ,K^9f,T e 439 M0fi0 " ^ Tkne ^ (3rd ed '> New York: J° hn Wiley & 
3 Proceedings, National Time and Motion Study Clinic, 1940, pp. 45-46. 
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precisely evaluated with ordinary stop-watch time study procedure. They 
are the result of studying a large sample of diversified operations with a 
timing device such as the motion-picture camera that is capable of 
measuring very short elements. The time values are synthetic in that they 
are often the result of logical combinations of therbligs. For example, a 
series of time values may be established for different categories of grasp. 
Within the grasp time may be included the therbligs search, select, and 
grasp. The time values are basic in that further refinement is not only 
difficult but impractical. Thus, we have the term synthetic basic motion 
times . 

Necessity of Synthetic Basic Motion Times 

Since 1945, there has been a growing interest in the use of synthetic 
basic motion times as a modern method of establishing rates quickly and 
often accurately without the use of the stop watch or other time record¬ 
ing device. In view of this, it is recommended that the student reread 
Chapter 10 after completing Chapter 18 on Standard Data. A by-product 
of synthesized time standards that probably has been as useful, if not 
more so, than the time standard itself, is a development of method con¬ 
sciousness to a refined degree in all parties associated with the establish¬ 
ment of standards using synthetic values. For this reason, the author 
believes that the entire subject of synthetic basic motion times should be 
meshed or integrated with the motion and micromotion techniques, even 
though it is also very closely allied to the work measurement phase. 

Even with the laws of motion economy and basic division of accom¬ 
plishment concept clearly established, the methods analyst without relia¬ 
ble time values of the basic divisions has only a portion of the facts nec¬ 
essary to engineer a method prior to beginning actual production. If he 
did not have time values of the basic divisions, how could he be sure that 
his proposed method was the best? With reliable motion times, he would 
be able to evaluate his proposed methods in terms of the average or 
normal worker, who would eventually be the recipient of his ideas. It is 
apparent that the method used determines time to do a task, and it fol¬ 
lows that if time values for all forms of activity were available, then the 
most favorable methods could be determined in advance. 

Today, the practicing methods analyst has several sources of estab¬ 
lished synthetic values from which he can obtain information that may 
be helpful in his work. 

Work-Factor 

The Work-Factor Company is one of the pioneer concerns in the field 
of establishing standards synthetically with motion-time values. Work- 
Factor data were made available in 1938, after a period of four years of 
gathering values by the micromotion technique, stop-watch procedures. 
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and the use of a “specially constructed photoelectric time machine/’ 4 

Work-Factor recognizes the following variables which influence the 
time required to perform a task: 

1. The body member making the motion, such as arm, forearm, finger-hand, 
foot. 

2. The distance moved (measured in inches). 

3. The weight carried (measured in pounds). 

4. The manual control required (care, directional control or steering to a 
target, changing direction, stopping at a definite location). 

Through analysis of films, Work-Factor concluded, as the Gilbreths did 
many years earlier, that finger motions can be performed more rapidly 
than arm motions, and arm motions are made in shorter periods of time 
than body motions. 

All proponents of fundamental motion data techniques have recog¬ 
nized the element of distance in making reaches and moves and, in fact, 
all motions. The longer the distance the more time is required, of course. 
Work-Factor has tabularized values for finger and hand movements from 
one inch up to four inches, and for arm movements from one inch to 
forty inches. Weight or resistance will influence time according to the 
magnitude of the part being moved. 

Manual control is influenced by (1) care or precaution, (2) direc¬ 
tional control, (3) change of direction, and (4) definite stop. The pres¬ 
ence of any one of these difficulties is referred to as a Work-Factor 
and the more Work-Factors involved in a motion of a given distance, the 
greater the time value. 

A Work-Factor has been defined as the index of additional time re¬ 
quired over and above the basic time. 

Care or precaution is evident during motions involving possible dam¬ 
age or injury, such as moving a full vessel of acid or handling a thin 
piece of glass. 

Directional control is apparent when a motion is employed to direct or 
steer a body member or part being transported through a limited clear¬ 
ance or toward a small target. 

Change of direction, as the name implies, is the manual control 
brought about by changing the direction of a motion, as in moving 
around a part or obstacle. For example, to move a nut in back of a panel 
would require a change in direction once the moving hand reached the 
front of the panel. 

Definite stop is the manual control brought about when the operator, 
through his muscular co-ordination, stops a motion at a predetermined 
place. 

4 Work-Factor Bulletin No. 101, Information About the Work-Factor System of 
Labor Measurement. 
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Work-Factors 


Distance Moved, 

Inches 

Basic 

l 

2 

3 

4 


(A) Arm—: 

Measured at Knuckles 



1 . 

9 

.0018 

.0026 

.0034 

.0040 

.0046 

.0020 

.0029 

.0037 

.0044 

.0050 


.0022 

.0032 

.0041 

.0050 

.0057 

4 

.0026 

.0038 

.0048 

.0058 

.0066 

p; 

.0029 

.0043 

.0055 

.0065 

.0075 

6. 

7 

.0032 

.0047 

.0060 

.0072 

.0083 

.0035 

.0051 

.0065 

.0078 

.0090 

8 . 

9. 

10. 

11. 

12 

.0038 

.0054 

.0070 

.0084 

.0096 

.0040 

.0058 

.0074 

.0089 

.0102 

.0042 

.0061 

.0078 

.0093 

,0107 

.0044 

.0063 

.0081 

.0098 

.0112 

.0046 

.0065 

.0085 

.0102 

.0117 

13 . 

14 

.0047 

.0067 

.0088 

.0105 

.0121 

.0049 

.0069 

.0090 

.0109 

.0125 

15 . 

16 . 

17 . 

18 . 

19. 

.0051 

.0071 

.0092 

.0113 I 

.0129 

.0052 

.0073 

.0094 

.0115 

.0133 

.0054 

.0075 

.0096 

.0118 

.0137 

.0055 

.0076 

.0098 

.0120 

.0140 

.0056 

.0078 

.0100 

.0122 

.0142 

90 

.0058 

.0080 

.0102 

.0124 

.0144 

22 

.0061 

.0083 

.0106 

.0128 

.0148 

24 

.0063 

.0086 

.0109 

.0131 

.0152 

26 

.0066 

.0090 

.0113 

.0135 

.0158 

28 

.0068 

.0093 

.0116 

.0139 

.0159 

30. 

.0070 

.0096 

.0119 

.0142 

.0163 

.0171 

.0179 

35. 

.0076 

.0103 

.0128 

.0151 

40. 

.0081 

.0109 

.0135 

.0159 

Weight IV 

1 2 

7 

13 

61 

20 

10 


(pounds) J 

? 1 

3| 



Table VIII illustrates tne worK-rautui .. 

values given in .0001 minutes. Basic time values are shown as_weU as 
to motions involving 1, 2, 3, ,nd 4 Wosk-Factom. In .ddmon . 

W„,k-F,«o, Motion Tim. T.bie, the Work-F.«or Company .to 
has tables which provide methods of analysis and time values for th 
elements of grasp, preposition and assembly These values term 

of select time, which has been defined as “that time required for the 
average, experienced operator, working with good skill and g°° d eff “ 
(commensurate with good health and physical and mental well-being) 
to perform an operation on one unit or piece.’ In order to determine t 
standard time, the analyst must add an allowance to the Work-Factor 
values, since the select time includes no allowance for personal needs, 
fatigue unavoidable delays, or incentive allowance. A typical break- 
dot^ study of a draw operation on a Bliss double action 240-ton press 
is shown in Figure 10-1. 
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-QgggAIIONNAME Oldsmofaile Cas e: 1st Draw Operation (2 Pin Die' 

.EQUIPMENT _ Mach #1031; Blis s D ouble Action Draw Press 240 Tnns 72.5 RPM 

CR Steel: Tmk 


WORK FACTOR ANALYST j 
H. B. Amster 


material 



FIG. 10-1. 


The symbols used in this analysis carry the following meaning 


W—weight A—arm 

S—steering L—leg 

P—precaution T—trunk 

U—change direction F—finger 

JJ—definite stop pp_£ 00t 


FS—forearm swivel 


■ " “ a , kln ". a Wo 'k-Factor study, the analyst first lists all motions made 

by both hands necessary to perform the task; then he identifies each mo¬ 
tion m terms of the distance moved, body member used, and Work- 
Factors involved He then selects from the table of values the appropriate 
figure for each of the basic motions and summarizes these to obtain the 
total time required by the normal operator to perform the task. 

To this total time percentage allowances for personal delays, fatigue 

and unavoidable delays must be added in order to determine the 
allowed time. 


Methods-Time Measurement 


In 1948, the text Methods-Time Measurement was published giving 
time values for the fundamental motions of reach, move, turn’ grasp. 


Mach. Cycle . 0.1380 min. 











SYNTHETIC BASIC MOTION TIMES 199 

position, disengage, and release, 5 The authors have defined M.T.M. as a 
procedure which analyzes any manual operation or method into the basic 
motions required to perform it, and assigns to each motion a pre-deter- 
mined time standard which is determined by the nature of the motion 
and the conditions under which it is made.” 6 

The M.T.M. data, as in the case of Work-Factor, are the result of 
frame-by-frame analysis of motion-picture films involving a diversified 
area of work. The data taken from the various films were “leveled” (ad¬ 
justed to the time that would be required by the normal operator) by 
the Westinghouse technique. This method of performance rating is 
described in Chapter 15 of this text. The data were then tabulated and 
analyzed in an effort to determine the degree of difficulty caused by 
variable characteristics. For example, it was found that not only distance 
but also the type of reach affected reach time. Further analysis seemed 
to indicate that there were five distinct cases of reach, each requiring 
different time allotments to perform for a given distance. These are: 

1. Reach to object in fixed location, or to object in other hand, or on which 
other hand rests. 

2. Reach to single object in location which may vary slightly from cycle to 
cycle. 

3. Reach to object jumbled with other objects so that search and select oc¬ 
cur. 

4. Reach to a very small object or where accurate grasp is required. 

5. Reach to indefinite location to get hand in position for body balance, or 
next motion, or out of way. 7 

Also, move time was influenced not only by distance and weight of the 
object being moved, but by the specific type of move. Three cases of 
move were found to exist. These are: 

1. Move object to other hand or against stop. 

2. Move object to approximate or indefinite location. 

3. Move object to exact location. 8 

Table IX summarizes M.T.M. values that have been developed to date. 
It will be noted that the time values of the therblig grasp vary from 2.0 
T.M.U/s to 12.9 T.M.U/s (1 T.M.U. equals .00001 hr.) depending on 
the classification of the grasp. Likewise, there are two cases of release 
and eighteen cases of position which influence time. 

The steps followed in applying M.T.M. technique are similar to those 
for Work-Factor. First, the analyst summarizes all motions required to 
perform the job properly for both the left hand and the right hand. Then 

5 H. B. Maynard, G. J. Stegemerten, J. L. Schwab, Methods-Time Measurement 
(New York: McGraw-Hill Co., Inc., 1948). 

6 Ibid. 

7 Ibid. 

8 Ibid. 
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TABLE IX 


TABLE I—REACH—R 


Distance 

Moved 

Inches 

| Time TMU 

Hand In 
Motion 

CASE AND DESCRIPTION 


Is. 

C or 
D 

rr 

— 

— 

A Reach to object in fixed loca¬ 
tion, or to object in other 
hand or on which other hand 
rests. 

% or less 

ma 

Ed 

■XI 

Ed 

■d 

na 

_1_ 

■E£9 

mxm 

■ET» 

mxm 

mxm 


2 

Eltl 


■29 

mwm 

9001 

■301 



■#1 

mwm 


4.5 

KOI 

B Reach to single object in 
location which may vary 
slightly from cycle to cycle. 

4 

■31 

wrwm 

bect 

TiWH 

4.9 

WCEM 

5 


MEM 

■231 

■a 


warn 

6 

■O 


kim 

Kd 

■29 

■m 

7 

EZ1 

■EEl 

ir«M 

MEM 

■39 

US 

C Reach to object jumbled with 
other objects in a group so 
that search and select occur. 

8 

MEM 

KEM 

IIM 

ESI 

■33 

worn 

9 

MEM 

IM1 


EO 

WEE 


10 

■331 

Em 


fj&JI 

MEM 

KOI 

■EES| 

mxm 

IFCT 

nn 

no 

mxm 

itm 

BPS 

IM-i 

Iffi 

tvxm 

nxm 

mxm 

mi 

D Reach to a very small object 
or where accurate grasp is 
required. 

BESS 

no 


IFJM 

nwm 

■m 

wfxm 

BBS 

ras 

K EM 

KFIEB| 

flM 

tuwm 

14X1 

wmum 

KFKW 

im 


nma 

iifri 

iH:l 

22 


EM 

uwm 

iT-iili 

KTXW 

1WE1 

E Reach to indefinite location 
to get hand in position for 
body balance or next motion 
or out of way. 

24 

iEffl 

Ril 


izwm 

fvxm 

11*831 

26 

KIO 

warn 


EMEM 


E3E1 

28 

n*n 

EO 


hm 


ESEM 

30 


gg 

oa 

gjj 

jggj 

gg 


TABLE II—MOVE—M 


Distance 

Moved 

Inches 

| Time TMU 

| Wt. Allowance 

CASE AND 
DESCRIPTION 

1 

B 

■ 

Hand 

In 

Motion 

B 

Wt. 
(Ih.) 
Up to 

Fac¬ 

tor 

Con¬ 

stant 

TMU 

% or less 

KB 

WB 

KB 

in 

m 

D 

a 

A Move object to 
other hand or against 
stop. 

1 


EO 

EO 

mm 

2 

KH 

EO 

EO 

mxm 


1.06 


3 

EO 

■to 

EO 


4 

EO 


mxm 

*!<■ 

12.5 

1.11 

■ 

5 

EO 

Efri 

EO 


6 

EO 

EO 

EEO 

ESE 

17.5 

1.17 

mm 

7 

EO 

EO 

nn 


8 

Eli 

IM1 

no 

7.2 

B Move object to 
approximate or in¬ 
definite location. 

22.5 

1.22 

D 

9 

10.5 

DO 

n*9 

■ran 

10 

KHO 

EFXM 



12 

eg 

DO 

no 

KEEE 

27.5 

1.28 

9.1 

14 

im 

wrwm 

kuxm 

IDEE 

16 

ran 

HHM 

itm 

mnw 

32.5 

1,33 

10.8 

18 

Iran 

iraa 

wzxrm 


20 

Ifcfra 

KkWM 

w>xm 

rriE 

37.5 

1.39 

12.5 

C Move object to ex¬ 
act location. 

22 

E»TT:1 

KEQ 

Eli 

UrMI 


WKU 

Baa 

K££9 

IMB 

42.5 

1.44 

14.3 

■■Hd! 

IffUM 

mi 

ESI 

HI 

KHi 

wzxm 

EO 

ESEli 

BBM 

47.5 

1.50 

16.0 

L -I* 1 

BUI 

Rill 

fc'iiMI 1 

f&SM 


TABLE III—TURN AND APPLY PRESSURE—T AND AP 


Weight 

7 


Time TMU for Degrees Turned | 


Ra 

E3 


R9 

BBS 

IBB 

fHB 

ftm 

rm 

n?!g 

Small— Oto 2 Pounds 

m 

ES 

ED 

KB 

EO 

■a 

m 

ESI 

in 

EO 

inn 

Medium—2.1 to 10 Pounds 

£S 

U3 

6.5 

7.5 

EB 


10.6 

11.6 

12.7 

fHH 

ran 

Large— 10.1 to 35 Pounds 

ED 

D39 

mn 

fHEl 

im 

fHH 

20.4 


fffl 

rm 

ran 

[APPLY PRESSURE CASE 1-16.2 TMU. APPLY PRESSURE 

CAS 

E 2- 

10.6 

rMu 


Courtesy: M.T.M. Association 
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Case I Time 
I TMU 


TABLE IV-GRASP-G 


DESCRIPTION 


Pick Up Grasp— Small, medium or la rge object by itself, easily arasoed. 

_ Var y sm all object or object lying close against a flat surface. 

' n St 6nC Di^e, , i r r a |a P ra°e"^ !, t n° r ?.^ d °" 6 Sid » ° f 
8-7 f ln ob^ nC Di"m h rt fl .^ . a & b ^? m and ° n ° » id ° ° f cylindrical" 

r °' 8 I om> Side ° f " 9 ^ ^ lindd »' 


Regrasp. .....— 


Transfer Grasp. .-~. j - l — ™-— 


°tian 0ther objects So search and select occurT Larger 

9.1 j with other objects so search and select occur. x %” 

° tlun feW'JV'"' ° bJ e ° l8 80 search and “oloct occur. Smaller 


TABLE V—POSITION*— 


Symmetry *F? sy To 
Handle 


Difficult To 
Handle • 


♦Distance moved to engage —V or less. 

TABLE VI—RELEASE—RL 


Case I Time 
I TMU 


DESCRIPTION 


Normal release per¬ 
formed by opening 
fingers as independent 
motion. 


2 0 


Contact Release. 


TABLE VII—DISENGAGE—D 


CLASS or FIT Faw to Dlfl jj ul * 

_____________ Handle Handle 


1—Loose— Very slight 
effort, blends with 
subsequent move. 


3—Tight — Consider¬ 
able effort, hand re¬ 
coils markedly. 


2.9 34.7 


TABLE VIII—EYE TRAVEL TIME AND EYE FOCUS—ET AND EF 


Eye Travel Time =15.2 x-^-TMU, with a maximum value of 20 TMU. 

where T =the distance between points from and to which the eye travels, 
u -the perpendicular distance from the eye to the line of travel T. 

Eye Focus Tlme=7.3 TMU. 

























































202 


MOTION AND TIME STUDY 


TABLE IX—BODY, LEG, AND FOOT MOTIONS 


DESCRIPTION 

SYMBOL 

DISTANCE 

TIME TMU 

Foot Motion—Hinged at Ankle. 

With heavy pressure. 

FM 

FMP 

Up to 4* 

8.5 

19.1 

Leg or Foreleg Motion. 

LM — 

Up to 6* 

Each add'l. inch 

7.1 

1.2 

Sidestep—Case 1—Complete when lead- 
ing leg contacts 
floor. 

SS-C1 

Less than 12* 

12* 

Each add'!, inch 

Use REACH or 
MOVE Time 

17.0 

.6 

Case 2—Lagging leg must 
contact floor before 

SS-C2 

12* 

Each add’l. inch 

34.1 

1.1 

next motion can be 
made. 




Bend, Stoop, or Kneel on One Knee. 
Arise. 

B,$,KOK 

AB,AS,AKOK 


29.0 

31.9 

Kneel on Floor—Both Knees. 

Arise. 

KBK 

AKBK 


69.4 

76.7 

Sit. 

Stand from Sitting Position. 

Turn Body 45 to 90 degrees— 

SIT 

STD 

TBCt 


34.7 

43.4 

18.6 

Case 1—Complete when leading leg 


contacts floor. 



37.2 

Case 2—Lagging leg must contact floor 
before next motion can be 

TBC2 


made. 




Walk. 

W-FT. 

Per Foot 

5.3 

Walk. 

W-P 

Per Pace 

15.0 


TABLE X-SIMULTANEOUS MOTIONS 


s 

D 

S3 


D 

■ 

1 

B 

1 

I 

1 

HI 


■ 

■ 

■ 

■ 

■ 

■i 


■ 

■ 

8 

■ 

■ 

■* 





□ -EASY to _ 

perform 

simultaneously. 

Os Can be performed 
IlJ simultaneously with 
PRACTICE. 

I sDIFFICULT to perform 

simultaneously even after long 
practice. Allow both times. 

MOTIONS NOT INCLUDED IN 
ABOVE TABLE 

TURN—Normally EASY with all motions except 
when TURN is controlled or with DISENGAGE. 
APPLY PRESSURE—May be EASY, PRACTICE, Of 
DIFFICULT. Each case must be analyzed 
POSITION—Class 3—Always DIFFICULT. 
DISENGAGE—Class 3—Normally DIFFICULT* 
RELEASE—Always EASY. 

DISENGAGE— Any class may be DIFFICULT if care 
must be exercised to avoid injury or damage to object. 


* W---Within the area it iormal lisle*. 
O=0ut$Ue the arta if sernal Yisloo. 
**E=EKY to handle. 

D=DIFFICULT to handle. 
































SYNTHETIC BASIC MOTION TIMES 203 

he determines from the methods-time data tables the leveled time in 
T.M.U/s for each motion. The nonlimiting motion values should be 
circled or deleted, as only the limiting motions will be summarized, pro¬ 
viding it is easy ’ to perform the two motions simultaneously (see section 
x of Table IX), to determine the time required for a normal performance 
of the task. For example, if the right hand reached 20 inches to pick up 
a nut, the classification would be R20C and the time value would be 
19.8 T.M.U/s. If, at the same time, the left hand reached 10 inches to 
pick up a cap screw, a designation of R10C with a T.M.U. value of 12.9 
would be in effect. The right hand would be limiting, and the 12.9 value 
of the left hand would not be used in calculating the normal time. 

The tabulated values presented do not carry any allowance for per¬ 
sonal delays, fatigue, or unavoidable delays, and when used for estab¬ 
lishing time standards, an appropriate allowance must be added to the 
summary of the synthetic basic motion times. 

Comparison of Work-Factor and Methods-Time Measurement 

An interesting comparison of the Work-Factor and the M.T.M. tech¬ 
niques was made by Modern Industry magazine. 9 An accomplished engi¬ 
neer familiar with Work-Factor was provided photographs and a com¬ 
plete description of changing an arc-welding electrode for a 400-ampere 
holder (3/16" X 18" electrode) and was requested to analyze the opera¬ 
tion, determining the allowed time. A similar request was given to an 
exponent of M.T.M. The charts illustrating the techniques of analyzing 
the motions in this operation are shown in Table X. The final adjusted 
times by the two techniques showed some difference. The Work-Factor 
system indicated a time of .0998 minute, while the M.T.M. system 
showed a time of .00189 hour or .1134 minute. Work-Factor expresses its 
standards in terms of an experienced, skilled worker while M/f.M. is 
based on a “normal” or “average” worker. The 12.1 per cent differential 
found m the preceding example may be in part due to a difference in 
the base or conception of standard upon which the two systems were 
established. It was especially significant that both the M.T.M. and the 
Work-Factor engineers emphasized the fact that the electrode holder 
was poorly designed, thus prolonging the job unnecessarily. It was 
pointed out that with a better-designed electrode holder, cycle time 
would be substantially diminished by eliminating the right-hand motion 
of opening the holder. 

Basic Motion Timestudy 

The Basic Motion Timestudy procedure developed in the period 1945 
to 1951 by Ralph Presgrave and his associates in J. B. Woods & Gordon, 

9 Modern Industry, published by Dun’s Review and Modern Industry, 99 Church 
Street, New York, N.Y. The comparison mentioned appeared in the May, 1950, issue. 
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TABLE X 


Illustration of Use of Work-Factor System 
(Operation: Change Arc Welding Electrode, 400-Ampere Holder—% 6 " x 18" Electrode) 


No. 

L. H. Description 

Symbol 

Time 

(In Units)* 

Symbol 

R. H. Description 

1 

Reach to helmet 

A20D 

80 


Break arc and 

2 

Contact helmet 

Contact 



move away 

3 

Raise helmet 

A6P 

47 


from work and 

4 

Remove hand 

Contact 



hold holder 

5 

Reach to holder 

A10 

42 


hold holder 

6 

Transfer holder from 

GR-45A 

28 


transfer holder to LH 


RH 





7 

Hold holder 


26 

A4 

Reach to trigger 

8 

Transfer holder to 


28 

GR-45A 

Transfer holder 


RH 




from LH 

9 

Reach to rods 

A18D 

76 


Hold holder 

10 

Grasp rod 

GR-43 

36 



11 

Move rod to holder 

A12SD 

85 



12 

Strike stub with rod 

2A2X50 

20 


(Assuming this is neo- 


to knock stub out 




essary with one out 


of holder 




of two rods) 

13 

Move rod to holder 

A35D 

41 


Open holder 

14 

Assemble rod to 

ASY-77 

42 


Hold holder open 


holder 





15 

Hold rod 


23 

H1W 

Close holder 

16 

Release rod 

V 2 FI 

8 


Hold holder 

17 

Reach along rod 

A6 

32 


Hold holder 

18 

Grasp rod 

J4F1 

8 


Hold holder 

19 

Turn rod to angle 

A3D 

32 


Hold holder 

20 

Release rod 

M>F1 

8 


Hold holder 

21 

Reach to holder 

A6 

32 


Transfer holder to RH 

22 

Transfer holder from 

GR-45A 

28 


Transfer holder to 


RH 




LH 

23 

Hold holder 


26 

A4 

Reach to trigger 

24 

Transfer holder to 


28 

GR-45A 

Transfer holder 


RH 




from LH 

25 

Idle 


84 

A8SWD 

Move rod to bead 

26 



34 

A1SW 

Align rod to bead 

27 

Drop arm to side 


40 

HT-450 

Nod head to drop 






helmet 

28 

Or reach to 


30 

MT 

Wait for helmet to 

Amn 

29 

Support right arm 


34 

A1SW 

uiup 

Strike arc 



Total.. 

998 




* Time expressed in .0001 minute. _ , J AR 

Source: “Short Cuts to Productivity,” Modern Industry, May 15, 1950, pp. 41-4b. 


Limited, of Toronto was a result of a research program endeavoring to 
measure accurately the effect of the various physical factors influencing 
the time of hand motions. 

According to a basic motion is one in which a body member 

at rest moves and again comes to rest. For example, in reaching for a 
pencil lying on the table a basic motion would occur. The beginning of 
the motion would be the pause or point of rest just prior to the reach, 
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Illustration op Use op Methods-Time Measurement System 
(Operation: Change Rods in 400-Ampere Holder) 


No. 

L. H. Description 

1 

Reach to helmet 

2 

Contact helmet 

3 

Raise helmet 

4 

Take hand from 


helmet 

5 

Reach to holder 

6 

Take holder from RH 

7 


8 


9 

Reach to rods 

10 

Grasp one rod 

11 

Move rod to holder 

12 

Strike stub with 


rod to 

13 

knock it out of holder 

14 

Move rod to holder 

15 

Position rod in 


holder 

16 


17 

Release rod 

18 

Reach to end of rod 

19 

Grasp rod 

20 

Turn rod to angle 

21 

Release rod 

22 

Reach to holder in RH 

23 

Take holder from RH 

24 


25 


26 


27 


28 

Drop helmet (nod 


head) 

29 I 

Strike arc 


* Time expressed in .00001 hour. 


Symbol 

Time 

(In Units)* 

R20B 

18.6 

G5 

0.0 

M6A 

8.1 

RL2 

0.0 

R10A 

8.7 

G3 

5.6 


7.1 


6.5 

R18C 

18.4 

G4 

8.6 

M12E 

13.4 

M2A 

1.8 

M2E 

2.1 

M3C 

5.7 

P1SD 

11.2 


1.7 

RLl 

1.7 

R6B 

8.6 

Gla 

1.7 

M3E 

5.7 

RLl 

1.7 

R6A 

7.0 

G3 

5.6 


7.1 


5.6 


11.8 


5.6 

ET30° 

9.0 

M1B 

1.7 

Total.. 

189.4 


Symbol R. H. Description 

MBE Raise holder 


R4B 

G3 

AP 


M10E 


I Reach to trigger 
Take holder from LH 
Squeeze trigger to 
open 
Holder 

Move rod to holder 
Allow 1 out of 
2 rods 


(Pi SE if rod held 
close to end) 
MIA Close holder 


R4B 

G3 

M8C 

PISE 


Reach to handle 
Take holder from LH 
Move rod to bead 
Position rod to bead 


and the termination of the basic motion would be the pause that occurs 
immedintdy after the fingers have grasped the pencil. B.M.T. was devel 

uncontoUed f t rat0Iy ^ ^ 6X P eriment rather than analysis of 
uncontrolled factory operations. B.M.T. values have been established in 

ten thousandths of a minute, as shown in Table XI. 

The basic motions identified for purposes of B.M.T. are as follows: 


Arm, Hand, and Finger Motions: 

1. Reach 

2. Move 

3. Turn 
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Body Motions: 

1. Foot motion 

2. Leg motion 

3. Sidestep 

4. Bend 

5. Stoop 

6. Kneel 


7. Arise 

8. Sit 

9. Stand 

10. Turn body 

11. Walk 

12. Eye motions 


Finger, hand, and arm motions are identified in terms of the muscular 
and visual controls that the operator must use to complete them accord¬ 
ing to the above specifications. The variable factors that affect these 
motions are described verbally and numerically. 

The time data provide a bonus opportunity of some 25 to 30 per cent 
for the average operator on incentive. They do not include provision for 
rest and personal requirements of the operator. These must be added to 
suit the individual jobs. 


Basic Motions 

B.M.T. recognizes three distinct classes of arm motions. Class A mo¬ 
tions are motions that are stopped by impact with a solid object. All 
muscular effort is used to move the arm in the direction of the motion 
and none is required to slow down or stop the action. Examples include 
the downstroke in hammering and the motion to push a flat sheet of 

metal against a stop in metal shearing. 

Class B motions are motions that are stopped entirely by muscular 
control. Examples include the upstroke in hammering, the motion to toss 
an object aside, the motion to move the hands aside after placing a part 
in a foot-operated punch press, and the back-and-forth motions in using 

a rubber eraser. , 

Class C motions are motions that are stopped by the use of muscular 
control to slow the arm before coming to a stop in a grasping or placing 
action. Examples include reach to a machine lever and grasp, reach to 
pencil in other hand and grasp, and carry pencil to desk and place 

down. . . 

The time to perform B and C class motions (motions requiring mus¬ 
cular control in the stopping action) is influenced by the type of visual 
control required to complete the motion. Whenever the eyes are needed 
to direct a motion to its destination, but cannot be focused on the end 
point before the motion begins, the time for the motion will be in¬ 
creased. Motions that are delayed by this form of eye activity are 
referred to as visually directed motions and are recognized in the B.M.T. 
time data by the introduction of two additional motion classifications BV 
and CV. This arrangement provides for five classes of motion, each 
requiring a different set of time data as shown in Table XI. 

B.M.T. makes no distinction between the times to perform basic 
reaches (transport empty) and basic moves (transport loaded). The 
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TABLE XI 


BASIC MOTION TIMESTUDY VALUES 

(Expressed in Ten Thousandths of a Minute) 


REACH OR MOVE 


Inches 

Vi 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

A 

71 

30 

36 

39 

42 

45 

47 

50 

52 

54 

56 

60 

64 

68 

72 

76 

80 

84 

88 

92 

96 

B 

32 

36 

42 

46 

49 

52 

55 

58 

60 

62 

64 

68 

72 

76 

80 

84 

88 

92 

96 

100 

104 

BV 

36 

42 

48 

53 

57 

60 

63 

66 

68 

70 

73 

77 

81 

85 

89 

93 

97 

101 

105 

109 

113 

C 

41 

48 

55 

60 

64 

68 

71 

74 

77 

79 

81 

86 

90 

94 

98 

102 

107 

111 

ns 

119 

123 

cv 

45 

54 

62 

67 

72 

76 

79 

82 

85 

87 

90 

95 

99 

104 

108 

112 

116 

120 

124 

128 

132 


PRECISION 


Inches 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

1/2" 

tol. 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1/4" 

tol. 

13 

16 

18 

21 

23 

25 

27 

29 

31 

32 

36 

39 

42 

45 

48 

51 

53 

55 : 

57 

59 

1 /8" 

tol. 

33 

37 

41 

45 

48 

52 

55 

58 

60 

62 

67 

72 

76 

80 

83 

87 

91 

94 

98 

101 

1/16" 

' tol. 

60 

65 

69 

73 

76 

80 

83 

87 

90 

93 

98 

103 

107 

112 

115 

119 

123 

127 

131 

135 

1 '’32" 

' tol. 

90 

97 

102 

106 

110 

114 

117 

120 

123 

126 

131 

135 

139 

143 

147 

150 

153 

157 

161 

165 


SIMULTANEOUS MOTIONS 


Separation Distance 0 2 4 6 8 10 12 14 16 18 20 22 241 

1/4" tolerance and over 
1/8" _’’.’’. 

0 10 18 27 34 41 47 54 59 65 69 74 78 

0 12 21 30 37 44 51 57 63 68 73 78 82 

0 15 27 37 45 53 61 68 75 80 86 91 96 

0 19 34 47 58 68 77 84 90 97 103 107 111 

1/16", _”. 

1/32". . . .”. 


FORCE 


Apply Pressure, Start or Stop | 

Inches 

6 

12 

24 

2 pounds 

2 

3 

3 

4. 

6 

6 

7 

6. 

8 

9 

10 

8. 

10 

11 

13 

10. 

13 

14 

16 

15. 

18 

20 

22 

20. 

23 

26 

28 

30. 

31 

35 

38 

40. 

38 

43 

47 

50. 

45 

50 

55 


TURN 


Degrees 

30 

45 

60 

75 

90 

120 

150 

180 

A 

26 

29 

32 

34 

37 

43 

49 

54 

B 

33 

36 

40 

43 

47 

54 

60 

67 

BV 

40 

44 

48 

52 

56 

65 

72 

80 

C ; 

56 

60 

64 

68 

72 

81 

88 

96 

CV 

73 

77 

81 

85 

89 

98 

105 

113 


EYE TIME 

80 


BODY MOTIONS 


LM (l'-6") . 
Add per 

inch . 

. 50 
. 2 

Leg Motion 

TB,. 

TB 2 . 

B. 

. .. 110 

..., 220 
... 180 

Turn Body 

Turn Body 

Bend 

FM . 


. 55 

Foot Motion 

S. 

.... 180 

Stoop 

W. 


100 

Walk One Pace 

K, . 

..., 180 


SS, (l'-6") .. 


. 60 

Side Step 

AB etc. 

.... 200 

Arise 

Add per 

inch. 

. 2 


k 2 . 

.... 440 

Kneel on Knees 

SS 2 (l'-6") .. 
Add per 

inch. 

.120 
. 4 

Side Step 

ak 2 . 

SIT. 

STAND . . . . 

, . . . 480 
.... 220 
.... 270 

Arise from Knees 

Sit 

Stand 


r 


effect of the weight of an object being carried is provided for, when 
necessary, in the form of an allowance to the basic time as described 
later. For purposes of analysis, reaches and moves are identified by the 
code letters R and M respectively. A class C reach is coded R-0 while a 
class C move is coded M-C. 
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Variable Factors 

The time to perform each of these basic motions is influenced by one 
or more variable factors. 

One factor that affects all classes of motion is the distance covered by 
the motion. A direct relationship exists between the distance through 
which the motion is performed and the time to perform it. The amount 
of the variable that is present is expressed in inches. The complete coding 
for a class C reach 12 inches long is R12C. 

Another factor that influences all classes of motion is defined as 
“force.” The amount of the force factor to be allowed for handling a given 
weight depends upon the method of handling the weight and the distance 
through which it is handled. For example, the force allowance for tossing 
aside a 10-pound object that is already held in the hand, using a 24-inch 
arm motion, will require the basic allowance of 16, which is shown in the 
force time table. If the weight had to be picked up from a bench before 
being tossed aside, the allowance would be twice basic or 32. If the 
weight were picked up, carried 24 inches and again placed down, the 
allowance would be three times basic or 48. 

These allowances are in the form of additions to the time for a basic 
motion. The complete code and standard time for the three examples 
used will be as follows: 

1. Toss aside weight already held using a 24-inch motion 

M24B. 92 

1F10.Jfi 

108 or .0108 min. 

2. Pick up weight and toss aside 

M24B. 92 

2F10._32 

124 or .0124 min. 

3. Pick up weight, carry and place down 

M24C.Ill 

3F10._48 

159 or .0159 min. 

A third variable factor is referred to in B.M.T. as “precision.” It is 
described as the extra care that is required when motions that use mus¬ 
cular control in the stopping action are completed within close limits. 

Precision becomes a factor whenever the limits within which the fin¬ 
ger tips can move to complete the action are reduced to y 2 inch or less. 

The allowance for precision is also in the form of additions to the time 
for a basic motion. The amount of the allowance depends upon the de¬ 
gree of precision and the length of the motion with which it is associ¬ 
ated. The time data recognize five degrees of precision from y 2 inch 
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to y 32 inch for motion distances up to 30 inches. The standard time for a 
motion that ends in grasping an object, where the limits within which the 
fingers can complete the action is no more than % inch, is developed 
as follows: 


I112C. 86 

PM. 36 


122 or .0122 min. 


Turns 

Arm motions that are performed by turning or rotating the hand and 
forearm around the long axis of the forearm are treated as a special type 
of arm motion and are called “turns.” Separate time data are shown for 
the five classes of basic arm turns. 

The influence of distance is expressed in degrees rather than inches 
and the code for a 90-degree C class turn is shown as T90C. 

Simultaneous Arm Motion 

B.M.T. provides an allowance for arm motions that are performed 
separately but simultaneously if each arm requires visual direction. The 
allowance is to compensate for the delay that is caused by one arm hav¬ 
ing to slow down or come to a complete stop at some point short of the 
destination while the eyes direct the other arm to its destination. 

The amount of allowance depends upon the degree of precision in the 
ending actions and the distance separating the two end points. This al¬ 
lowance is also in the form of an addition to the time for a basic motion. 
The complete code and standard time for simultaneous arm motion are 
recorded in two stages. The first stage establishes the details for a one- 
handed operation. The second stage provides the allowance to cover the 
delay when simultaneous motions are performed. The procedure is 
illustrated by showing the separate stages for simultaneous arm motion 12 
inches long to place objects within limits of y 8 inch, where the end 
points are 12 inches apart. 

1st stage: M ] 2CV.95 

1st stage: PM.67 

162 

2nd stage: Simo 12 inch. 51 

213 or .0213 min. 

Application Technique 

The B.M.T. procedures outline methods to be used for developing 
standards for other types of arm motions such as those that follow curved 
or circular paths. They also include time data for body motions such as 
steps, body bending, and turning actions, and describe procedures for 
developing standards that involve combinations of arm and body motion. 








210 


MOTION AND TIME STUDY 


Figure 10-2 illustrates the technique used in identification of the basic 
motions employed in a given method for the assembly of a cap to a 
fountain pen. 

Motion-Time Analysis 

Motion-Time Analysis was developed by A. B. Segur in the middle 
1920s as a method of establishing time standards. Today, this funda¬ 
mental motion procedure system, similar to the others discussed in this 
text, is finding its greatest use as a tool of the methods analyst for 
improving existing operations, and correctly planning and controlling 
future operations. 

It is similar to the others mentioned in this chapter in that the analyst 
first makes a listing of the motions being performed by both hands. For 
each motion, an appropriate time value is assigned. If the motion is 
classified as being ineffective, (of doubtful value in the job) the figures 
for its time are entered in red pencil. If the motion is classified as being 
effective (motion should be generally allowed), its value is posted in 
black. The number and extent of the red figures are an indication of the 
method improvement possibilities. 

The basic concept of motion time analysis is that the time required 
to perform basic motions tends to be constant for different individuals. 
Consequently, time is a function of method. In other words, if the correct 
method is followed by any operator, he will achieve the standard that 
was established by that method. 

Dimensional Motion Times 

Dimensional Motion Times, referred to as DMT, is a procedure devel¬ 
oped by the General Electric Company for measuring the work content 
by predetermined time values. This system has developed the following 
tables of values: 

1. Grasp—jumbled parts in trays, rod—type parts 

2. Grasp—jumbled parts in trays, block—type parts 

3. Grasp—scattered parts on bench 

4. Grasp—isolated parts on surface 

5. Grasp—prepositioned tools 

6. Grasp—parts from confined area 

7. Position hole to pin or pin to hole 

8. Position parts to various nest 

9. Position and start nut to screw, one hand 

10. Position and start nut to screw, simo 

11. Restricted area position 

12. Rotate 

13. Release 

14. Transport 

15. Time to turn crank 

16. Directional turn 

17. Weight factors applicable to move, grasp, position, and release 

18. Miscellaneous motion times 
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DMT has emphasized “dimension” as the principal criteria affecting 
time to perform a motion. As in other fundamental motion data systems, 
this technique has its greatest application in the study and the improve¬ 
ment of methods and establishment of standards on manual, bench type, 
high volume work. 

Applying Synthetic Basic Motion Times 

As a means of improving methods, a general knowledge of the 
fundamentals of synthetic motion-time standards will prove invaluable. 
For example, if the methods analyst has a grounding in he will 

design work stations to utilize the “G1A” grasps requiring but 2 T.M.U.’s 
rather than the more difficult grasps which require as much as 12.9 
(G4C) T.M.U/s. Likewise, he will endeavor to design for utilization of 
contact releases rather than normal releases and for symmetrical posi¬ 
tioning rather than semisymmetrical or nonsymmetrical positioning. One 
of the important uses for any of the synthetic basic motion-time tech¬ 
niques lies in the area of methods. Once an analyst has an appreciation 
of this tool, he will find himself looking more critically at each and every 
work station, thinking how improvement may be made. Reaches and 
moves of 20 inches will appear unduly long to him, and he will immedi¬ 
ately consider the savings possible through shortened motion patterns. 
Positioning elements that involve heavy pressure are automatically a sign 
of need for improvement. Operations that require eye travel and eye 
focus time can usually be improved. 


DEPT. 

OPERATION Asser 
DATA 

- -—-WW.W--—WJ aw-tu 

-n rj —— L ---—- DATE...... SHEET OE 
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L.H. BASIC ELEMENT 
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TIME 
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FIG. 10-2. Basic element breakdown of assembling cap to fountain pen. 
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Of course, standards of performance may be established through the 
medium of synthetic basic motion times. If the data are to be used for 
this purpose, a much greater knowledge of the techniques of application 
is required. In no case should an analyst endeavor to establish time 
standards to be used for rate purposes until he has had thorough training 
and has demonstrated his ability to use the tool precisely. Thus, the 
analyst must know if the distance moved is the linear distance taken by 
the hand or the circumferential distance taken by the arc that the hand 
makes. He must know if the distance is measured from the center of the 
hand, the knuckles, or the finger tips. He must know when application of 
pressure prevails and when it does not. He must clearly understand the 
elements of alignment and orientation as they affect positioning time. 
These and many other considerations must be mastered before an 
analyst can expect to establish consistent and accurate time standards 
with this tool. 

Mr. A. B. Segur has not made the derivations and use of his Motion- 
Time Analysis values available to the public. He defends his position as 
follows: 

Now I have heard in the last few years a great deal of criticism because 
the motion values that have gone with Motion-Time Analysis have not been 
generally published. As a matter of fact, these motions values have been very 
freely given to anyone who is sufficiently trained in the art of fundamental 
motion study to be able to use them correctly. But, as a matter of course, we 
know what would happen in a large plant if someone who is not sufficiently 
trained undertook to equate the working conditions, the exact motions and the 
correct times. The principle of fundamental motions could not be used, and 
the result would be disastrous. That is to say that those who are going to use 
this principle should be trained. By insisting upon that training, we get away 
from having our work discredited. 10 

It is only after thorough training that a group of analysts will arrive at 
consistent time standards using any of the synthetic motion-time tech¬ 
niques. In no case should any analyst endeavor to establish time stand¬ 
ards with only a superficial knowledge of this tool. 

Summary 

Basic Motion Timestudy, Work-Factor, Methods-Time Measurement, 
Dimensional Motion Times, Motion-Time Analysis as well as several 
leading industries, have made substantial contributions to a fund of 
knowledge that is available for analysis of fundamental motions. Fred¬ 
erick Taylor, many years ago, visualized the development of standards 
for basic divisions of work similar to what is currently being accomplished. 
In his paper on “Scientific Management” he brought out the fact that 
the time would come when a sufficient volume of basic standards would 
be developed so as to make further stop-watch studies unnecessary. 

As has been pointed out, the data that have been developed to date 

10 Proceedings, 'National Time and Motion Study Clinic, 1940, Industrial Manage¬ 
ment Society. 
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for more efficient manufacture. We can establish consistent incentive-standard 

data. 12 

The above examples are representative of the methods improvement 
pos^bilities that can be gained with this tool which the methods analyst 
is rapidly realizing is essential m his kit of knowledg . 

It^a/be concluded that predetermined time systems have a, defi “ 
nlace in the field of methods and work measurement and that they 
Se no better than the people using them, that is, they should not be 
installed without professional help or a complete understanding of their 

application. 

TEXT QUESTIONS 

I About when did synthetic time values begin to be used in industrial work? 

2. What are the advantages of using synthetic basic motion times? 

3. What variables are considered by the Work-Factor technique. 

4. How did Work-Factor develop its values? 

5. What is the time value of one T.M.U.? 

6 Who pioneered the M.T.M. system? . 

7 How was the development of the Basic Motion Timestudy values different 

' from both M.T.M. and Work-Factor? 

8 What variables are considered in the B.M.T. technique? 

* StTiSSffif ° f “ 8 

* -s SXCSS.-P £ 

of 10 pieces per minute. 

II How is M.T.M. related to the analysis of method? 

12. Why has Mr. A. B. Segur been reluctant to make his fundamental motion 
data available to the public? 

GENERAL QUESTIONS 

2. What does the future hold for synthetic basic time values? 

3. Which of the three techniques outlined is the easiest to app y. 

4 Which in your opinion will give the most reliable results. Why. 

E Describe as vividly as you can how you would explain to a worknan in 
your forge shop who knows nothing about M.T.M. what it is and how it is 

6 Gfoefeveral objections which you might “ceive ^ 
application of M.T.M. and explain how you would overcome the . 

7 Some companies have been experiencing a tendency for their time study 

7 s Z,o TST— « ».I*? K* r^irs 

years. How does fundamental motion data offset this y 

creeping loose standards? 

I^ort Cuts to Productivity,” Modern Industry , May 15, 1950, p. 42. 





CHAPTER 11 


Determination of Factory Cost 


I ACTORY COST OF A PRODUCT IN- 

cludes the cost of direct labor, direct material, and factory expense. Fac¬ 
tory expense consists of such items as light, heat, rent, service supplies, 
and factory supervision. A close review of expense or overhead items 
will show that these costs are made up of but two components: material 
and labor, or a combination of the two. So, in effect, factory cost is 
made up of just labor and material. Therefore: 

Factory Cost = Cost of Labor ~f Cost of Material 

Material cost is easily determined, no matter what the product may 
be. In every instance, it is determined by multiplying the cost per unit 
of measure by the number of measures involved. Thus, some yardstick 
always governs its basis of cost. Steel is bought by the ton, castings and 
forgings by the piece, water and gas by the cubic foot, electricity by the 
kilowatt hour, tubing by the foot, silver by the ounce, cloth by the square 
yard, oil by the gallon, and so forth. In every case, material cost can be 
prorated so that it is possible to determine the proportional share each 
product item should absorb. 

The only other item of cost entering into factory cost is the cost of 
labor either direct or indirect. Labor cost, in most commodities, repre¬ 
sents the major portion of total costs. In order to have some conception 
of true costs of specific products, standards must be established on labor 
elements. Hourly monetary rates mean nothing unless they are supple¬ 
mented with performance standards. If an operator running a No. 2 
Brown & Sharpe Universal Mill is paid a base rate of $1.70 per hour 
while milling a profile on a forging, there is no conception of the unit 
milling cost until a standard has been established on the job in terms of 
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time. If a standard allows six minutes per piece, then a labor cost of 
$0.17 can be assigned to the operation. However, time standards alone 
do not give the entire story with regard to labor costs. They do form 
one side of the rectangle whose area may be thought of as equitable 
and competitive costs of labor. The other side of the rectangle is sound 
base rates. 

Base rates that are sound must assure money rates commensurate with 
area rates for similar work; they must allow adequate differentials for 
jobs requiring higher skills and responsibilities; they must be based on 
techniques that can be explained and justified. 

Job Analysis 

Appropriate base rates are determined by job evaluation, which was 
defined in Chapter 1 as a technique for equitably determining the rela¬ 
tive worth of the different work assignments within an organization. The 
basis of job evaluation is job analysis, which is the procedure for making 
a careful appraisal of each job and then recording the details of the work 
so that it can be evaluated fairly by a trained analyst. Figure 11-1 illus¬ 
trates an analysis of a clerical job for use in a point job evaluation plan. 
It should be clearly understood that before a job description is devel¬ 
oped, all aspects of the opportunity should be carefully studied to assure 
that the best methods are being used and that the operator is thoroughly 
trained in the prescribed method. 
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JOB TITLE Shipping and Receiving Clerk 


DFPT- Shipping 


MALE_x_FEMALE_ 


.DATE. 


.TOTAL POINTS_28o_CLAS5_J_ 


JOB DESCRIPTION 

Directs and assists in loading and unloading, counting, and receiving or rejecting pur¬ 
chased parts and supplies, and later delivers to proper departments. 

Examines receivals out of line with purchase orders. Maintains file on all purchase 
orders and/or shipping orders and keeps open orders up to date. Maintains daily and 
weekly shipping reports and monthly inventory reports. 

Assists in packing of all foreign and domestic shipments. Makes up request for inspec¬ 
tion form on certain materials received and rejection form for all items rejected. 

Job requires thorough knowledge of parking, shipping, and receiving routine, knowledge 
of plant layout, shop supplies and finished parts. Needs to have a knowledge of 
simple office routine. Ability to work with other departments, as a service department, 
and to deal effectively with vendors. Job requires considerable accuracy and 
dependability. 


JOB EVALUATION 


EDUCATION 

EXPERIENCE AND TRAINING 
INITIATIVE AND INGENUITY 
ANALYTICAL ABILITY 
PERSONALITY REQUIREMENTS 
SUPERVISORY RESPONSIBILITY 
RESPONSIBILITY FOR LOSS 
PHYSICAL APPLICATION 
MENTAL OR VISUAL APPLICATION 
WORKING CONDITIONS 


280 


FIG. 11-1. Job analysis for shipping and receiving clerk. 


Job Evaluation 

There are four principal methods of job evaluation being practiced in 
this country today. These are: 


1. The classification method. 

2. The point system. 

3. The factor comparison method. 

4. The ranking method. 

The classification method, sometimes called the grade description plan, 
consists of a series of definitions which are designed to differentiate jobs 
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into wage groups. Once the grade levels have been defined, each job is 
studied and assigned to the appropriate level on the basis of the com¬ 
plexity of duties and responsibilities. This plan is used extensively in the 
United States Civil Service. 

When using this method of job evaluation, the following steps must 
be considered: 

1. Prepare a grade description scale for each type of job, e.g. machine op¬ 
erations, manual operations, skilled (craft) operations, inspection. 

2. Write the grade descriptions for each grade in each scale, using factors 
sucn as, 

a) Type of work and complexity of duties, 

b) Education necessary to perform job, 

c) Experience necessary to perform job, 

d) Responsibilities, 

e) Effort demanded. 

3. Prepare job descriptions for each job. Classify each job by “slotting” 

(placing in a specific category) the job description into the proper grade 
description. r b 

Both the point system and the factor comparison method are more 
objective and thorough in their evaluations of the various jobs involved, 
in that both of these two plans make a study of the basic factors that are 
common to most jobs and influence their relative worth. Of the two plans, 
the point plan is generally considered to be the most accurate method 
for occupational rating. In this method, all the different attributes of a 
job are compared directly with these attributes in other jobs. 

When a point system is to be installed, the following procedure should 
be followed: 

1. Establish and define basic factors which are common to most jobs and 
which indicate the elements of value in all jobs. 

2. Specifically define the degrees of each factor. 

3. Establish the points to be accredited to each degree of each factor 

4. Prepare a job description of each job. 

5. Evaluate each job by determining the degree of each factor contained 
m it. 

6. Sum points for each factor to get total points for job. 

7. Convert the job points into a wage rate. 

The factor comparison method of job evaluation usually has the follow- 
ing elements: 

1. Factors are determined that will establish the relative worth of all jobs. 

2. An evaluation scale is established which is usually similar to a point scale 
except that the units are in terms of money. 

3. Job descriptions are prepared. 

4. Key jobs are evaluated factor by factor by ranking each job from the 
lowest to the highest for each factor. 

5. The wages paid on each key job are allocated to the various factors. The 
money allocation automatically fixes the relationship between jobs for 
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fi an / * erefore establishes the ranks of jobs for each factor 

6. On the basis of the monetary values assigned the various factors in the 

key jobs, other jobs are evaluated factor by factor. 1 2 3 4 5 6 

7. By adding the money value for each factor, a wage is determined. 

The ranking method arranges the jobs in their order of importance or 
according to their relative worth. This method became popular in the 
United States during World War II because of its simplicity^ ease of 
installation. It was at this time that the National War Labor Board set 
up the requirement that all companies working on government contracts 
" ?!; S ° me ‘yP e of wage classification system. This ranking method 
satisfied this requirement. Generally speaking! the ranking method is less 

of aH ilbs han 46 ° th p teC , tmiqUeS; co ^q^tly, greater knowledge 
of all jobs is necessary. For this reason, it has not been extensively used 

m recent years but has been superseded by the other plans. The follow 
mg steps are followed when installing the ranking plan: 

1. Prepare job descriptions. 

2 ‘ tenct. )0bS (USUaUy depai ' tmentaI1 >’ first > in order their relative impor- 
grade for groups of jobs using a bracketing proc- 


tance 

3. Determine the class or 
ess. 

4. Establish the wage or wage range for each class or grade, 


Selection of Factors 

tt !i iS FT aI!y considered preferable to use a small number of factors 
Under the factor comparison method, most companies use five factors In 
some point programs, ten or more factors may be used. The objective is 
to use only as many factors as is necessary to provide a clear-cut differ- 
ence between the jobs of the particular company. The elements of any 
job may be classified as to: y 


h menteifacfo'i s den1andS ^ em P Io y ee t0 brin S “ the form of physical and 

2 ' fatigue. he ^ ^ fr ° m * e 6mpl °y ee in the form of Physical and mental 

3. The responsibilities that the job demands. 

4. Conditions under which the work is done. 


The selection of factors is usually the first basic task to be undertaken 
when introducing job evaluation. 

The National Electrical Manufacturers Association states that the rela¬ 
tive value of a job is considered to depend on the following factors: 


1. Education 

2. Experience 

3. Initiative and Ingenuity 

4. Physical Demand 

5. Mental and/or Visual Demand 

6. Responsibility for Equipment or Process 
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7. Responsibility for Material or Product 

8. Responsibility for Safety of Others 

9. Responsibility for Work of Others 

10. Working Conditions 

11. Hazards 

These factors are present in varying degrees in the various jobs and 
anv job under consideration will fall under some one of the several de¬ 
grees of each factor. The various factors are not of equal importance. To 
give recognition to these differences in importance, weights or points are 
assigned to each degree of each factor as shown in Table XIL Figure 
11-2 illustrates a job rating and substantiating data sheet based on the 
National Electrical Manufacturers Association plan. 

It has been seen how one side of the rectangle whose area is competi¬ 
tive cost of labor can be determined. Job evaluation will provide the 
means for compensating all employees within an organization in propor¬ 
tion to their responsibilities and to the difficulty of their work. At the 
same time, it will lead to base pay rates that are in line with remunera¬ 
tion for similar work in the community. The benefits effected through 
job evaluation will enhance ideal personnel relations. 

Determination of Labor Standards 

In order to assure equitable and competitive costs of labor, it is im¬ 
portant to establish fair labor standards in addition to sound base rates. 

TABLE XII 

1 POINTS ASSIGNED TO FACTORS AND KEY TO GRADES 1 


FACTORS 


SKILL 

1. Education 14 28 

2. Experience 22 44 

3. Initiative & 14 28 

Ingenuity 

EFFORT 

4. Physical Demand 10 20 

5. Mental or Visual 5 10 

RESPONSIBILITY 

6. Equipment, Process 5 10 

7. Material or Product 5 10 

8. Safety of Others 5 0 

9. Work of Others 5 10 

JOB CONDITIONS 

10. Working Con- 10 20 

ditions 

11. Unavoid. Hazards 5 10 


Source: National Electrical Manufacturers Association 
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JOB TITLE: Mac 

hinis 

t (Gene 

JOB RATING-SUBSTANTIATING DATA 

DORBEN MFG. CO. 

UNIVERSITY PARK, PA. 

ral ^ CODE: 176 DATE: Nov. 12, 1958 

FACTORS 

DEG. 

POINTS 

BASIS OF RATING 

Education 

3 

42 

requires tne use of fairly complicated drawings, advanced shop mathe¬ 
matics, variety of precision instruments, shop trade knowledge. Equiv¬ 
alent to four years of high school or two years of high school plus two 
_ to three years of trades training, P 

Experience 

4 

88 

Three to five years installing, repairing, and maintaining machine 
tools and other production equipment. 

Initiative 

and 

Ingenuity 

3 

42 

Rebuild, repair, and maintain a wide variety of medium-size standard 
automatic and hand-operated machine tools. Diagnose trouble, dis¬ 
assemble machine and fit new parts, such as antifriction and plain 
bearings, spindles, gears, cams, etc. Manufacture replacement parts 
as necessary. Involves skilled and accurate machining using a variety 
of machine tools. Judgment required to diagnose and remedy trouble 7 
_suickly so as to maintain production. 

Physical 

Demand 

2 

20 

Intermittent physical effort required tearing down, assembling, 
installing, and maintaining machines. 

Mental or 

Visual Demand 

A 

20 

—.. ' ~ ■' 

Concentrated mentai and visual attention required. Laying but, setup, 
machining, checking, inspecting, fitting parts on machines. 

Responsibility 
for Equipment 
or Process 

3 

15 

Damage seldom over $300. Broken parts of machines. Carelessness in 
handling gears and intricate parts may cause damage. 

Responsibility 
for Material 

Responsibility 
for Safety 
of Others 

2 

3 

10 

Probable loss due to scrapping of materials or work, seldom over $150. 

15 

Safety precautions are required to prevent injury to others; fasten¬ 
ing work properly to face plates, handling fixtures, etc. 

Responsibility 
for Work of 
Others 

2 

10 

Responsible for directing one or more helpers a great part of time 

Depends on type of work. e P e * 

Working 

Conditions 

3 

30 

Somewhat disagreeable conditions due to exposure to oil, grease, and 

Unavoidable 

Hazards 

3 

15 

Exposure to accidents, such as crushed hand or foot, loss of fineers 
eye injury from flying particles, possible electric shock, or buras/ 

REMARKS: Total 307 Points—assign to job class 5. 


FIG. 11-2. 


Three techniques have been used for determining labor standards. These 
are: estimates, historical records, and work measurement procedures. 

Estimates as a means of establishing standards were used to a greater 
extent in years past than today. With the growth of the organized labor 
movement, there has been an increasing effort to establish standards 
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based on facts rather than judgment. Experience has shown that no in¬ 
dividual can establish consistent and fair standards of production by the 
simple procedure of taking a look at a job and then judging the amount 
of time required to produce it. Where estimates are used, standards will 
be out of line an average of about 25 per cent. Compensating errors 
sometimes will diminish this figure, but over a period of time, experience 
has shown that estimated values deviate substantially from measured 
standards. Both historical records and work measurement techniques will 
give much more accurate values than will the use of estimates based on 
judgment alone. 

Under the historical method, production standards are based on the 
records of previously produced, similar jobs. In common practice, the 
worker “punches in” on a time clock every time he begins a new job, 
and then “punches out” on the job when he has completed it. This tech¬ 
nique tells us how long it took to do a job, but never indicates how 
long it should have taken. Since operators wish to justify their entire 
working day, some jobs carry personal delay time, unavoidable delay 
time, and avoidable delay time to a much greater extent than they 
should, while other jobs will not carry their appropriate share of delay 
time. I have seen historical records deviate consistently as much as 50 
per cent on the same operation of the same job. Historical records as a 
basis of determining labor standards are better than no records at all. 
This method will give more reliable results than using estimates based 
on judgment alone, but it does not provide sufficiently valid results to 
assure equitable and competitive cost of labor. 

Any of the work measurement techniques—stop watch time study, 
standard data, time formulas or work sampling studies—represents a bet¬ 
ter way to establish fair production standards. All of these methods are 
based on facts. All of these techniques consider each detail of the work 
and its relation to the normal time required to perform the entire cycle. 
Accurately established time standards make it possible to produce more 
within a given plant, thus increasing the efficiency of equipment and 
operating personnel. Poorly established standards, although better than 
no standards at all, will lead to high costs, labor dissension, and eventu¬ 
ally possible failure of the enterprise. 

Conclusion 

In order to predetermine factory cost, so necessary from the standpoint 
of submitting bids and quotations, it is essential that cost of the various 
direct and indirect materials and the cost of all labor be precisely pre¬ 
determined. 

Predetermined material costs can easily be calculated. Predetermined 
labor costs can also be readily computed if good labor standards devel¬ 
oped by one of the work measurement techniques prevail. Standards de¬ 
termined by estimates and historical records usually will not be sufficiently 
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accurate to meet competitive prices or will not allow manufacture at a 
necessary profit. 

Although labor standards determine “how long,” it is necessary to have 
sound base rates in order to measure fairly the “how much” in terms of 
dollars and cents. Of the various methods of job evaluation used in es¬ 
tablishing sound base rates, the point plans tend to give the most re¬ 
liable results. Point job evaluation systems patterned after the National 
Metal Trades and the National Electrical Manufacturers Association 
techniques represent a logical approach toward developing the relative 
worth of the different work assignments within an organization. 

TEXT QUESTIONS 

1. What are the three basic components of cost? 

2. Is time a common denominator of labor cost? Why? 

3. What is job analysis? 

4. What four methods of job evaluation are being practiced in this country 
today? 

5. Explain in detail how a “point” plan works. 

6. What factors influence the relative worth of a job? 

7. Why are estimates unsatisfactory for determining direct labor time stand¬ 
ards? 

8. What is the weakness of using historical records as a means of establishing 
standards of performance? 

9. What work measurement techniques will give valid results when under¬ 
taken by competent trained analysts? 

GENERAL QUESTIONS 

1. When plotting area rates against job point values, is it necessary that the 
resulting curve be a straight line? Why? 

2. Should cost of living increases be given as a percentage of base rates or as 
a straight hourly increment? Why? 



CHAPTER 12 


Time Study Requirements 


IN CHAPTER 1, TIME STUDY WAS 

defined as a technique of establishing an allowed time standard to per¬ 
form a given task. This technique is based upon measurement of work 
content of the prescribed method, with due allowance for fatigue and 
personal and unavoidable delays. Frequently, time study is defined by 
the layman as a method of determining a “fair day’s work,” and this con¬ 
cept will be discussed before the requirements and responsibilities of 
those associated with time study are explained. It is necessary to have 
a clear understanding of what is involved in a fair day’s work. 

A Fair Day's Work 

Practically everyone connected with industry in any way has heard 
many times the expression, “a fair day’s work,” yet if asked to define just 
what is a fair day’s work, he is immediately perplexed to establish a 
sound definition. The intraplant wage rate inequities agreements of the 
basic steel industries 1 contain the provision that “the fundamental princi¬ 
ple of the work and wage relationship is that the employee is entitled 
to a fair day’s pay in return for which the company is entitled to a 
fair day’s work.” A fair day’s work is defined in these agreements as the 
“amount of work that can be produced by a qualified employee when 
working at a normal pace and effectively utilizing his time where work 
is not restricted by process limitations.” This definition is limited as to 
what is exactly meant by “qualified employees,” “normal pace,” and 
“effective utilization.” Although all of these terms have been defined by 
the steel industries, a certain amount of flexibility prevails because firm 
benchmarks cannot be established on such broad terminology. For ex- 


1 With United Steelworkers of America. 
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ample, a “qualified employee” is defined as “a representative average of 
those employees who are fully trained and able satisfactorily to perform 
any and all phases of the work involved, in accordance with the require¬ 
ments of the job under consideration.” This definition leaves a doubt as 
to what is meant by a “representative average employee.” 

Then the term “normal pace” is defined as “the effective rate of per¬ 
formance of a conscientious, self-paced, qualified employee when work¬ 
ing neither fast nor slow and giving due consideration to the physical, 
mental, or visual requirements of the specific job.” The intraplant wage 
rate inequities agreements specify as an example “a man walking with¬ 
out load, on smooth, level ground at a rate of three (3) miles per hour.” 
Although the three miles an hour concept tends to tie down what is 
meant by normal pace, still a notable amount of latitude can prevail, 
when we think of normal pace on the thousands of different jobs in 
American industry. 

Again, a feeling of uncertainty arises when one considers the defini¬ 
tion of “effective utilization.” This is explained in the agreements as “the 
maintenance of a normal pace while performing essential elements of 
the job during all portions of the day except that which is required for 
reasonable rest and personal needs, under circumstances in which the 
job is not subject to process, equipment or other operating limitations.” 

In general, a fair day’s work is one that is fair to both the company 
and the employee. This means that the employee should give a full day’s 
work for the time that he gets paid, with reasonable allowances for per¬ 
sonal delays, unavoidable delays, and fatigue. Me is expected to operate 
in the prescribed method at a pace that is neither fast nor slow, but 
one which may be considered representative of all-day performance by 
the experienced, co-operative employee. 

Time Study Requirements 

Certain fundamental requirements need to be realized before the time 
study should be taken. If the standard is required on a new job, or if 
it is required on an old job on which the method or part of the method 
has been altered, the operator should be thoroughly acquainted with the 
new technique before the operation is studied. Also, it is important 
that the method to be studied has been standardized at all points where 
it is to be used. Unless all details of the method and working conditions 
have been standardized, the time standards will have little value and 
will be a continual source of mistrust, grievances, and internal friction. 

It is also important that the union steward, the departmental foreman, 
and the operator are cognizant of the fact that the job is to be studied. 
Each of these parties will then be able to make any specific plans in ad¬ 
vance and thereby take the necessary steps to allow a smooth, coor¬ 
dinated study. The operator should verify that he is performing the 
correct method and endeavor to acquaint himself with all details of the 
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operation. The foreman should check the method in order to make sure 
that feeds, speeds, cutting tools, lubricants, and so forth, conform to 
standard practice as established by the methods department. Also, the 
foreman must investigate the amount of available material so that no 
shortage will take place during the course of the study. If several op¬ 
erators are available for study of the operation in question, the foreman 
should determine to the best of his ability which operator will be likely 
to give the most satisfactory study. The union steward should then make 
sure that only trained competent operators are selected for time study 
observation. He should explain to the operator why the study is being 
taken and answer pertinent questions that come to the operator’s atten¬ 
tion from time to time. 

Responsibilities of the Time Study Man 

All work involves varying degrees of skill and physical and mental 
effort in order to accomplish the task satisfactorily. In addition to the 
variations in job content, there are differences in aptitude, physical appli¬ 
cation, and dexterity of the workmen. It is an easy matter for the analyst 
to observe an employee at work and measure the actual time taken to 
perform a task. It is a considerably more difficult problem to evaluate 
all variables and determine the time required for the “normal” operator 
to perform the job. 

Because of the many human interests and reactions associated with 
the time study technique, it is essential that there be a full understand¬ 
ing of its principles and practice. There must be, also, complete co¬ 
operation of the foremen, the employee, the union steward, and the 
time study analyst. 

In general, the time study analyst is charged with these responsibili¬ 
ties: 

1. To probe, question, and examine the present method so as to assure that 
it is correct in all respects before the standard is established. 

2. To discuss equipment, method, and operator’s ability with the foreman 
before studying the operation. 

3. To answer questions relating to time study practice or to a specific time 
study which may be asked by the union steward, the operator, or the 
foreman. 

4. To co-operate with the foreman and the operator at all times in order to 
obtain maximum help from both. 

5. To refrain from any discussion with the operator or other operators, since 
this might be construed as criticism of the individual being studied. 

6. To show on each time study, complete and accurate information, thus 
specifically identifying the method under study. 

7. To record accurately times taken to perform the individual elements of 
the operation being studied. 

8. To evaluate the performance of the operators honestly and fairly. 

9. To conduct himself at all times in such a manner as to obtain and hold 
the respect and confidence of the representatives of both labor and man¬ 
agement. 
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The qualifications of a time study man that are necessary for him to 
meet successfully the responsibilities of his position are similar to those 
required for success in any field in which the major efforts are directed 
toward establishing ideal human relations. 

First of all, a good time study man must have the mental ability to 
analyze diversified situations and make rapid, sound decisions. He should 
have an inquisitive, probing, and open mind that seeks to improve and 
always to be cognizant of the “why” as well as the “how.” 

Supplementing a keen mind, it is essential that the time study analyst 
have practical shop training in the areas in which he will be establish¬ 
ing standards. If he is to be associated with the metal trades, he should 
have a background as a journeyman machinist or the equivalent knowl¬ 
edge of machines, hand tools, jigs, fixtures, gages, and their correct use 
and application. This would include specific knowledge of cutting feeds, 
speeds, and depths of cut in order to get the maximum results consistent 
with desired quality of the product and ultimate tool life. 

Since the time study man directly affects the pocketbook of the worker 
and the profit and loss statement of the company, it is essential that his 
work be completely dependable and accurate. Inaccuracy and poor 
judgment will not only affect the operator and the company financially 
but may also result in complete loss of confidence by the operator and 
the union, which may undo harmonious labor relations that have taken 
management years to build up. 

In order to achieve and maintain good human relations, the following 
personal requirements can be considered essential for the successful 
time study man: 

1. Honesty. 

2. Tact, human understanding. 

3. Resourcefulness. 

4. Self-confidence. 

5. Good judgment, analytical ability. 

6. Pleasing, persuasive personality, supplemented with optimism. 

7. Patience with self-control. 

8. Bountiful energy tempered with a co-operative attitude. 

9. Well-groomed, neat appearance. 

10. Enthusiasm for the job. 

A review of all of the qualifications essential for a successful time study 
man may give the reader the opinion that he should be on a staff level 
with the president of the company. In fact, it is questionable if all of 
these attributes would be required of top executives of a concern. How¬ 
ever, when one considers the magnitude of the labor relations problem 
today, it is essential that only the most competent people enter the 
field of time study. No other one individual within a company comes in 
contact with as many personnel from different levels of the organization 
as the time study analyst. Therefore, it is imperative that he have the 
best qualifications. 
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In the time study man’s approach to various employees, he should 
learn to recognize the human qualities in a man and then be guided by 
a realization of the limitations of human nature. Thus, in order to receive 
co-operation he must determine and follow through with the best 
method of approach to the workman. This calls for analysis of the em¬ 
ployee’s attitude toward his job, his fellow workmen, the company, and 
toward the time study man himself. 

Foreman's Responsibility 

Any and all foremen are management’s representatives throughout the 
plant. Next to the operator, the foreman is closer to specific jobs than 
any other man in the plant. In view of this, he must accept certain re¬ 
sponsibilities in connection with the establishment of time standards. 

To begin with, the foreman, in the interest of harmonious labor rela¬ 
tions within the department in which he supervises, finds it mandatory 
that equitable time standards prevail. Both “tight” and “loose” standards 
are the direct cause of endless personnel problems, and the more of 
these that can be avoided, the easier and more pleasant will be his job. 
Of course, if all standards were loose, he would find his supervisory re¬ 
sponsibilities relatively easy. However, this situation could not exist prac¬ 
tically, as competition would not be met where all standards are loose. 

The foreman should notify the operator in advance that his work as¬ 
signment is to be studied. This clears the way for both the time study 
analyst and the operator. The operator has the assurance that his direct 
superior is cognizant of the fact that a rate is to be established on the 
job and will have the opportunity to bring out specific difficulties that 
he feels should be corrected before a standard is set. The time study 
analyst will of course feel considerably more at ease, knowing that his 
presence has been anticipated. 

It should be the foreman’s responsibility to see that the proper method 
established by the methods department is being utilized and that the 
operator selected is competent and has adequate experience on the job. 
Although the time study analyst is required to have a practical back¬ 
ground in the area of work that he is studying, he can hardly be ex¬ 
pected to be infallible in specifications of all methods and processes. 
Thus, he should consider the foreman as his ally to verify that the cutting 
tools are properly ground, the correct lubricant is being used, and that 
proper selection of feeds, speeds, and depths of cut have been con¬ 
sidered. 

If, for any reason, conditions are such that the operation will be so 
affected that it is questionable whether a fair time study can be taken, 
the foreman should immediately make this fact known to the time study 
analyst. 

In general, the foreman is responsible for assisting and co-operating 
with the time study man in any way that will aid in defining or clarifying 
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an operation. He should carefully consider any suggestions for improve¬ 
ment brought out by the time study man, and fully utilize his own back¬ 
ground and influence to establish an ideal method in conjunction with 
the methods department, prior to stop-watch study. . 

The foreman is responsible for seeing that his men use the prescribe 
method, and he should conscientiously assist and train all those em¬ 
ployees coming under his jurisdiction in perfecting this method. He 
should freely answer any questions asked by the operator regarding the 

° P Any°time a methods change takes place within his department the 
foreman should notify the time study department immediately so that an 
appropriate adjustment of the standard can be made This P r0 «* lure 
should be followed regardless of the degree of the methods adjustment 
It would include such things as changes in material handling to and 
from the work station, changes in inspection procedure, changes in feeds 
and speeds, changes in work station layout, and process changes. 

Upon completion of a time study, the foreman should be required to 
sign the original study, thus indicating that he has complied with all of 
his responsibilities relative to the study taken. Foremen who accept and 
carry out their responsibilities toward time study practice can be assured 
of operating harmonious departments that will be looked on with favor 
by management, the union, and the employees themselves. Foremen who 
fall short of these responsibilities can contribute to the establishment 
of inequitable rates which will result in numerous labor grievances, pres¬ 
sure from management, and considerable dissatisfaction from the union. 

The Union's Responsibility 

As every union steward knows, poor time standards are just as much 
of a problem to him as they are to the management of the company. In 
the interests of operating a healthy union within a profitable business, 
the union must accept certain responsibilities toward time study. 

Through training programs, the union should educate all of its mem¬ 
bers in the principles, theories, and economic necessity of time study 
practice All of us tend to fear anything on which we are poorly informed 
Operators can hardly be expected to be enthusiastic about time study if 
they know nothing about it. This is especially true in view of its back¬ 
ground (see Chapter 2). Therefore, the union should accept the respon¬ 
sibility of helping to clarify and sell this important tool of management. 

The union should accept the responsibility of seeing that adjusted 
standards are put into effect whenever a methods change is made. When 
methods are revised, the union should see that the time study depart¬ 
ment is notified through specified lines of authority. 

The union should encourage its members to co-operate with the time 
study analyst and have the operators refrain from practices which would 
tend to place their performances at the low end of the rating scale. En- 
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couraging operators to deceive the time study man will in the final 

indude’to 1 P t0 * hin g- a P oor standards structure, which will 

include both loose and tight rates. 

Unions that train their members relative to the elements of time studv 

encourage co-operativeness, and stay abreast of management’s program 

i ene t y more co-operation at the bargaining table fewer work 

stoppages and better satisfied members. Those unLs that encourage 

distrust of time study, and facilitate a program of “keeping the operator 

u ark { f 11 be faced with a ™>«ude of grievances from to 
members, a balky management team to negotiate with, and over a period 

cernech' Sto PP a § es to crcate a hardship on all partied con- 


Operator’s Responsibility 

Every employee should be sufficiently interested in the welfare of his 
company to give his wholehearted support to every practice and pro! 
cedure inaugurated by management. Unfortunately, this situation is Sel¬ 
dom realized, but it certainly can be approached if a company’s manage 
ment demonstrates its desire to operate with fair standards, fair bL 
rates, good working conditions, and adequate employee benefits in the 

Sr«,'.T““,r d prosr *“' °"«ii” k.» 

the initiative in these areas, every employee can be expected to co- 
operate m all operations and production control techniques. 

The individual operators should be responsible for giving new meth- 
ods a fan trial when introduced. They should wholeheartedly co-operate 
in helping to work out the “bugs" characteristic of practically eveit 
novation. Suggestions for further improvement of the methodshould be 
accepted as a part of each operator’s responsibilities. The operator is 

to the ‘I*" Pb a T ne if?’ and he Can “ ake a real contribution 
method pTo P ctoe" * *** * *"* 6StabIishi "g 

The operator should be responsible for assisting the time study analyst 
n breaking down the job into elements, thus assuring that all details* 
the job are specifically covered. He should also be responsible for work¬ 
ing at a steady, normal pace while the study is being taken and should 

todT ^ K, e T e,ementS and 6Xtra movernen U as possible. He 
be f re T 0nSlb e /° r US “ g the exact P rescr ibed method and make 
no effort to deceive the time study analyst by introducing an artificial 
method with the thought of lengthening the cycle time and thereby re¬ 
ceiving a more liberal standard. y 

Conclusion 

To many practicing time study men, the aforementioned responsibili¬ 
ties of the operator, the union, and the foreman may be considered a 
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utopian approach which can never he realized. However, as stated, if 
management takes the initiative, these conditions can be approximated 
and the result will be a competitive, profitable business for all, parties. 
For example, Howard M. Hinkel, Personnel Director of American Type 
Founders, Inc., reports that by establishing an ‘appreciation” course in 
time study and incentive techniques for union stewards and committee¬ 
men in his company, they have almost eliminated rate discussions that 
go beyond the operator’s initial complaint. 2 

Time study procedures are the only known methods for supplying ac¬ 
curate information relative to standard times which are so essential for 
the profitable, efficient operation of industry and business. In order to 
assure the most valid results from time study practice, the time study 
analyst must receive complete co-operation from the foreman, the union 
steward, the operator, and company management. 

Time study represents one of the most important and exacting forms 
of work in any industrial, commercial, or governmental enterprise. When 
intelligently used and fully understood by all parties, it offers marked 
benefits to workmen, management, and the general public. 

TEXT QUESTIONS 

1. How is a fair day’s pay determined by the intraplant wage rate inequities 
agreements of the basic steel industries? 

2. What benchmark for normal pace is given under these agreements? 

3. Why should the foreman sign the time study? 

4. Why should the time study man have excellent personal qualities? 

5. Explain how poor time standards increase the difficulties of the union stew¬ 
ard? 

6. How can management increase the co-operation of the union steward, the 
foreman, and the operator in their dealings with the time study analyst? 

GENERAL QUESTIONS 

1. Is it customary for the union to co-operate with the time study department 
to the extent recommended in this text? Is this co-operation likely to occur? 

2. If the requirements for a time study man are so high, why is it that indus¬ 
try does not pay more for time study work? 

“Time Study Training for Stewards and Committeemen,” Factory Management 
and Maintenance, August, 1947. 




CHAPTER 13 


Time Study Equipment 


Tie minimum equipment that 
is required to carry on a time study program includes: 

1. Stop watch. 

2. Time study board. 

3. Time study forms. 

4. Slide rule. 

In addition to the above, time-recording devices that are being used 
successfully and that offer some advantages over the stop watch are: 

1. Time-recording machines. 

2. Motion-picture camera. 

It will be noted that the equipment needed for time study or work 
measurement is not nearly as elaborate or costly as that required for 
micromotion study work. In general, the ability and personality of the 
time study analyst represent the criteria of success rather than the equip¬ 
ment he chooses to use. 

The Stop Watch 

There are several types of stop watches in use today, the majority of 
which are included in one of the following classifications: 

1. Decimal minute watch (.01 minute). 

2. Decimal minute watch (.001 minute). 

3. Decimal hour watch. 

The decimal minute watch (.01 minute shown in Figure 13-1) has 100 
divisions on its face, and each division is equal to .01 minute. Thus, a 
complete sweep of the long hand would require 1 minute. The small dial 
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FIG. 13-3 


on the watch face has 30 divisions, and each division here is equal to 
1 minute. For every revolution of the sweep hand, the small hand will 
move 1 division or 1 minute. 

To start this watch, the side slide is moved toward the crown. In order 
to stop the watch and have the hands retain their respective positions, 
the side slide is moved away from the watch crown. To continue opera¬ 
tion of the watch from the point where the hands stopped, the slide is 
moved toward the crown. In order to move both the sweep hand and 
the small hand back to zero, the crown is depressed. Release of the crown 




234 


MOTION AND TIME STUDY 

will put the watch back into operation unless the side slide is moved 
away from the crown. 

The decimal minute watch tends to be a favorite with time study men 
because of its ease of reading and ease of recording. The sweep hand 
moves only 60 per cent as fast as the long hand of the decimal hour 
watch, and thus terminal points are more discernible. In recording the 
time values, the analyst’s task is simplified by the fact that the elemental 
readings are in one hundredths of a minute, eliminating the need for the 
ciphers that are registered when using the decimal hour watch, which is 
read in ten thousandths of an hour. 

The decimal minute watch (.001 minute) is similar to the decimal 
minute watch (.01 minute). In the former, each division of the larger 
hand is equal to one thousandth of a minute. Thus, it takes .10 minute 
for the sweep hand to circle the dial rather than LOO minute as in the .01 
decimal minute watch. This watch is used primarily for timing short ele¬ 
ments for standard data purposes (see Chapter 18). In general, the .001 
minute watch has no starting slide on its side, but is started, stopped, 
and returned to zero by successive depressions of the crown. 

A special adaptation of the decimal minute watch that many time 
study men find convenient to use is illustrated in Figure 13-2. The two 
long hands indicate decimal minutes and will complete one turn of the 
dial in one minute. The upper small dial is graduated in minutes, and a 
complete sweep of its hand represents 30 minutes. The lower small dial 
is graduated in seconds, and a complete sweep of the small hand here 
takes 1 minute. 

To start this watch, the crown is depressed and both sweep hands will 
simultaneously start from zero. At the termination of the first element, 
the side pin is depressed and this will stop the lower sweep hand only. 
The time study man can then observe the elapsed time for the element 
without the difficulty of reading a moving hand. He then depresses the 
side pin, and the lower hand will rejoin the upper hand which has been 
moving uninterruptedly. At the end of the second element, the side pin 
is depressed and the procedure is repeated. 

The decimal hour stop watch has 100 divisions on its face also, but 
each division on this watch represents 1 ten thousandth (.0001) of an 
hour. Thus a complete sweep of the large hand on this watch would 
represent 1 one hundredth (.01) hour or .6 minute. The small hand 
registers each turn of the long hand, and a complete sweep of the small 
hand would take 18 minutes or .30 hour (see Figure 13-3). 

The decimal hour watch is started, stopped, and its hands are returned 
to zero in the same manner as in the decimal minute (.01) stop watch. 

Since the hour represents a universal unit of time in measuring out¬ 
put, the decimal hour watch is a practical timer and is widely used. Some¬ 
what more skill is required to read this watch while timing short elements 
on account of the speed of the sweep hand. For this reason, some time 
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study men prefer the decimal minute watch with its slower moving hand. 

It is possible to mount three watches on a board, with linkage between 
them, so that the analyst, during the course of a study, can always read 
one watch which has stopped hands. Figure 13-4 illustrates such an ar¬ 
rangement. Here are shown three crown action watches which are 
actuated by a lever shown at the right. First pressure on lever starts 
Watch 1 (far left), cocks Watch 2, and stops Watch 3. At end of first 
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element, the lever is again pressed. This will stop Watch 1, start Watch 2, 
and reset Watch 3 to zero. Watch 1 is now waiting to be read, while the 
next element is being timed by Watch 2. 

Time-Recording Machines 

It is obvious that considerable training is required to be able to read 
the stop watch, record the reading on the time study form, and still be 
cognizant of the operative performance so that the correct leveling or 
rating factor can be applied (see Chapter 15). In order to relieve the 
time study analyst of some of these required simultaneous functions, time 
study machines have been constructed that ‘permit precision timing of 
elements or movements as small as .01 minutes in duration to the nearest 
.001 minute in sequence/’ 1 

One time study machine on the market today, available for use by the 
analyst, will correctly record values accurate to .025 minute. The ma¬ 
chines are built to drive a graduated tape at a constant rate of speed 
past a key or indicator, which when depressed will mark the tape indi¬ 
cating the termination of an element. Interruptions or foreign elements 
are identified by depressing another key provided on the machine. The 
tape represents the permanent record of the time study, and elemental 
values can readily be calculated by making successive subtractions. Ele¬ 
ment descriptions can be recorded on the back of the tape or on a sup¬ 
plementary form. Figure 13—5 illustrates one of these machines and 
Figure 13-6, a representative section of recorded tape as a result of its 
use. 

Since the time study analyst has nothing to write down and is not 
burdened with continually observing a fast-moving watch hand, he is in 



Courtesy: Black & Webster Inc. 

FIG. 13-5. Marsto-chron timing instrument. 

i Dale Jones, “A New Time Study Tool,” Advanced Management , April, 1953. 
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a much better position to do an ac¬ 
curate job of ‘rating the operator, 
as all of his attention can be di¬ 
rected to operator performance. 
This is especially true on short ele¬ 
ments (.08 minute and less). The 
time study machine offers no par¬ 
ticular advantage on studies com¬ 
posed of only long elements (over 
.08 minute), as studies of this na¬ 
ture allow the analyst ample time 
lo record the terminal points as 
well as observe the operator’s skill 
and effort. 

The principal disadvantage of 
the time study machine is the 
added clerical work necessitated 
by the transcription of the data 
taken on the tape to the time study 
work sheet. 

Other disadvantages of the time 
study machine are its cumbersome¬ 
ness in comparison to the stop 
watch and the difficulty of securing 
110 A.C. outlets throughout a shop. 

Motion-Picture Camera 

The motion-picture camera is 
ideal for recording operator meth¬ 
ods and elapsed time. Unfortu¬ 
nately, the cost of film and the 
delay necessitated by having to 
send the films out to be developed, 
prohibit the use of the method in a 
great many instances. 

More and more industries are 
resorting to the motion-picture 
camera for establishment of stand¬ 
ards with the development of syn- 
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FIG. 13-6. Graduated tape as used in the 
Marsto-chron timing instrument. 


hetic motion-time values. By taking 
lictures of the operator and then 
tudyine them a frame at a time, the analyst can record exact details ot 
he method used and assign time values. It is also possible to establish 
Wards by projecting the exposed films at the same speed Jat Pic- 
ures were taken and then performance rating the operator. All the facts 
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necessary to accomplish a fair and accurate job of rating are available bv 
observing the exposed film. Then, too, potential method improvements 
are revealed through the camera eye that would never be uncovered with 
the stop watch or time study machine. 

These advantages, supplemented with the “Memomotion” precedure 
whmh allows longer cycle filming with minimum exposure of film have 
ncreased the popularity of the camera as an effective tool of time 
study analyst (see Chapter 9). Figure 9-8 illustrates a portion of a 
memomotion film taken at the rate of 1 frame per second. ? 

•li i ™ 0tl0n 'P lcture camera described and illustrated in Chapter 8 

Stir™''" 1 iob wh ” *“■«- p-p- -si. 

Time Study Board 

.^’ h . en , the f°p "' atch is bein s used > it will be necessary to provide a 
suitable board to hold the time study form and the stop watch The 
board should be light, so as not to tire the arm, and yet strong and hard 
enough to provide a suitable backing for the time 7 study form Cto* 

rsrtifr 0 r™ 11 piasac> such as bakeBte > ^ s ^e 

atenals. The board should have arm and body contacts (see Figure 
i3-7) for comfortable fit and ease of writing while it is being held 8 
In the upper right-hand corner of the board (for right-handed people) 

form° U R t tbeWatch ’ and t0 tbe left > a spring clip holds the time study 
form. By standing m the proper position, the time study analyst can look 

over the top of his watch to the work station, and follow the operator 

movements while keeping both the watch and the time study form in his 
immediate field of vision. 7 

until “^ti t0 aS 1 St ^ anaIySt in P erfo rmance-rating the operation 
under study an alignment chart, developed by the author, may be 

attached to the board (see Figure 13-7). This chart permits the analyst 
to determine synthetically the allowed time for several of the effort 
elements comprising the study. The ratio of the synthetic value for a 
particular element to the mean value actually taken by the operator 
serves as a gmde for determining the performance factor. Thh chart 

S2STSE5 %%% ~ ””*■ * - 

Time Study Forms 

On the time study form is recorded all details of the study. To date 
there has been little standardization of the design of forms used by varh 
ous lndusb-ies. It is important that the form provide space to record all 
pertinent information concerning the method being studied. This is often 

sMe e o^er trU T ting ti^ ° Perat ° r F ° CeSS Chart < see Cha P ter 6) one 
e of the form. In addition to making a permanent record of the relative 

location of the tools and materials in the work area, the analyst should 










FIG. 13-7. Time study board for right-handed observer. Note alignment chart on board to assist 
observer in the determination of performance rating factor. 

record such method data as feeds, depth of cut, speeds, and inspection 
specifications. Of course, it is also necessary to identify completely the op- 
eration being studied by including such information as the operator’s 
name and number, operation description and number, machine name 
and number, special tools used and their respective numbers, depart- 
ment w ere operation is performed, and the prevailing working condi- 
tions. It is always better to provide too much information on the job being 
studied than too little. This will be discussed in a subsequent chapter. 

The time study form should also include space for the signature of the 
foreman in the department and the time the study was conducted, thus 
indicating his approval of the method under observation. Likewise the 
inspector should sign every study taken, thus acknowledging his accept- 

study^ the qUality ° f the partS P roduced during the course of the time 

The form should be designed so that the analyst can conveniently 
record watch readings, foreign elements (see Chapter 14), rating factors 
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FIG. 13-9. Time study form (back). Note space for operator chart (act breakdown) so that a I 
details of method under study may be recorded. 
















MOTION AND TIME STUDY 


242 

(see Chapter 15), and still use the sheet to calculate the allowed time. 
Figures 13-8 and 13-9 illustrate a time study form that has been de¬ 
veloped by the author which allows sufficient flexibility to study practi¬ 
cally any type of operation. 

In this form, the various elements comprising the operation are re¬ 
corded horizontally across the top of the sheet and the various cycles 
studied are recorded vertically row by row. 

The “R” column is divided into two sections. The large area is for 
recording the watch readings and in the small section marked “F” is 
shown the element performance factor if elemental rating is used. The 
“T” column is provided for elemental elapsed values (see Chapter 14). 

Auxiliary Equipment 

The time study analyst will fine it necessary to provide certain addi¬ 
tional equipment to facilitate calculation of studies rapidly and accu¬ 
rately. Foremost of these items is the slide rule by means of which calcu¬ 
lation of the time study involving multiplication, division, and pro¬ 
portion can be solved correctly and rapidly in a small fraction of the time 
required to work it out by longhand arithmetical procedures. 

It is recommended that the time study analyst use a slide rule with a 
10-inch scale, as this will give results correct to within about 1 part in 
1,000 or one-tenth of 1 per cent. The shorter the rule, the less accurate 
will be the readings, and of course the larger the scales, the more 
precise will be the results. 

Although, in most cases, modem machine tools, being self-powered, 
show their speeds in an obvious place, there will be occasions when the 
running sped will not be evident. Then too, speeds indicated by the 
manufacturer are based upon certain pulley diameters which may have 
been altered during the setup or changed during maintenance or over¬ 
haul of the machine. 

In order to determine the speed being used, the time study analyst 
will find it convenient to use a speed indicator. This instrument has few 
parts, is simple in operation, and will give relatively accurate revolutions 
of shafting, wheels, and spindles in either direction. Figure 13-10 illus¬ 
trates a typical speed indicator. To use the speed indicator, it is merely 



Courtesy: Brown & Sharpe Manufacturing Co. 


FIG. 13-10. Speed indicator 
for use in determining speeds 
in revolutions per minute. 
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FIG. 13-11. Checking spindle speed with speed indicator. 


necessary to place the point of the indicator on the spindle or shaft and 
watch the dial for a given period of time. In the illustration, the figures 
showing through the small, round windows on the dial read every 5 
revolutions. The inside dial reads every 100 revolutions. The dials may 
be quickly returned to zero for repeated use by turning a knob on the 
back of the indicator. 


TEXT QUESTIONS 

1. What equipment is needed by the time study analyst to carry on a program 
of time study? 

2. What features of the decimal minute watch make it attractive to time study 
men? 

3. Where does the decimal minute watch (.001 minute) have application? 

4. How does the duration of one division on the decimal hour watch compare 
to one division on the decimal minute watch? 

5. What is the principal advantage of the time-recording machine? 

6. What is the “Memomotion” procedure? What are its advantages and limita¬ 
tions? 

7. Why is it desirable to provide space for an operator process chart on the 
time study form? 

8. Describe the speed indicator and how it is used. 
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9. How many feet of film would be exposed on a 5-minute cycle while using 
the Memomotion technique? ° 

GENERAL QUESTIONS 

1. Explain the statement, “the ability and personality of the time study engi¬ 
neer represent the criteria of success rather than the equipment he chooses 
to use.” 

2. Why has there not been a standardized time study form adopted by in¬ 
dustry? 7 

3. Do you feel that the typical shop workman would favor the time study ma¬ 
chine? Why? ^ 

4. What would be the advantages of having a time study machine that would 
be able to record and play back sound as well as record end points of 
progressive elements? 


CHAPTER 14 


Elements of Time Study 


Tie actual taking of a time 
study is both an art and a science. In order to be sure of success in this 
field the analyst must have developed the art of being able to inspire 
confidence, exercise judgment, and create a personable approach to all 
with whom he comes in contact. In addition, it is essential that his back¬ 
ground and training have been such that he thoroughly understands and 
is able to perform the various functions related to each step in the taking 
of the study. These elements include selecting the operator, analyzing the 
job and breaking it down into its elements, recording the elapsed elemen¬ 
tal values, performance rating the operator, assigning appropriate allow¬ 
ances, and working up the study. 

Choosing the Operator 

The first approach to beginning a time study is made through the de¬ 
partmental foreman or line supervisor. Upon review of the job in opera¬ 
tion, both the foreman and the time study man should agree that the job 
is ready to be studied. If more than one operator is performing the work 
assignment on which the standard is to be established, several things 
should be taken into consideration in selecting just which operator to use 
in taking the study. In general, the operator who is average or somewhat 
above average in performance will give a more satisfactory study than 
the low-skilled or highly superior operator. The average operator usually 
will perform the work consistently and systematically. His pace will tend 
to be in the approximate range of normal (see Chapter 15), thereby 
making it easier for the time study analyst to apply a true performance 
factor. 

Of course, the operator should be completely trained in the method 
being used and should possess a liking for his work and an interest in 
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doing a good job. He should be familiar with time study procedures and 
practice, and have confidence in time study methods as well as in the 
time study analyst. It is desirable that the operator have a co-operative 
spirit, so that he will follow through willingly with suggestions made by 
both the foreman and the time study analyst. 

At times, the analyst will have no choice as to whom he studies, in that 
the operation is performed by only one man. In cases of this nature, the 
analyst must be very careful when he establishes his performance rating 
because the operator may be performing at either of the extreme ends 
of the rating scale. In one-man jobs, it is also especially important that the 
method being used is correct and that the analyst approach the operator 
tactfully. 

Approach to the Operator 

The technique used by the time study man in approaching the se¬ 
lected operator will have much to do with the extent of co-operation 
received. The operator should be approached in a friendly manner and 
be informed that the operation is to be studied. He should then be given 
the opportunity to ask any questions relative to such matters as the timing 
technique, method of rating, and application of allowances. In some 
instances, the operator may have never before been studied, and the time 
study man will find it worthwhile to answer all his questions frankly and 
patiently. He should encourage the operator to offer suggestions and, 
when the operator does so, should receive them willingly, thus recog¬ 
nizing that he respects the skill and trade knowledge of the operator. 

The time study man should show interest in the workman s job, and at 
all times be fair and straightforward in his behavior toward the work¬ 
man. This approach will establish the workman’s confidence in the time 
study man’s ability, and the analyst will find the respect and goodwill 
resulting will not only help in establishing a true standard, but will also 
make his future work assignments on the production floor more pleasant. 

Analysis of Materials and Methods 

Perhaps the most common mistake made by time study analysts is 
neglecting to make sufficient analysis and records of the method being 
studied. The time study form illustrated in Chapter 13 allows space for a 
sketch or photograph of the work area. If a sketch is make, it should be 
drawn to scale and should show all pertinent details that affect method. 
The sketch should clearly show the location of the raw material and fin¬ 
ished parts bins with respect to the work area. Thus, distances that the 
operator must move or walk are clearly recorded. The location of all 
tools involved in the operation should be indicated, thus illustrating the 
motion pattern utilized in performing successive elements. 

Immediately below the pictorial presentation of the method, space fre- 
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quently is allotted for an operator process chart (see Chapter 6) of the 
method being studied. On high activity work, it is recommended that 
this chart be completed before the actual timing of the operation fjegins. 
By completing this right- and left-hand chart, the analyst can entirely 
identify the method under study and can observe opportunities for 
methods improvement. Elemental breakdown of the study to be taken 
will be facilitated, and the analyst will be able to acquire a better con¬ 
ception of the skill being executed. 

The value of completely identifying the method under study cannot 
be overemphasized. Since management usually guarantees a standard as 
long as the method studied is in effect, it is mandatory that the method 
studied be completely known. For example, after machining a casting, 
the operator may have been studied as placing the casting in a tote box 
on a pallet 4 feet from the work station. The element "lay aside finished 
casting” may have consumed .05 minute. Let us assume that sometime 
after the standard was established the location of the skid was changed 
so that a chute and drop delivery could be used to remove the completed 
part. This could reduce the "lay aside finished casting” element to .01 
minute. The savings of .04 minute per cycle would be substantial if the 
job could be completed in .40 minute or less. This small method change 
could result in a loose rate that would be troublesome to the union, the 
company, and the worker’s fellow employees. Unless a complete record 
of the method originally used to “lay aside finished casting” had been 
established, the time study department would have no authority to re¬ 
study the job. 

More pronounced methods changes are often made without inform¬ 
ing the time study department, such as changing the job to a different 
machine, increasing or decreasing feeds and speeds, or using different cut¬ 
ting tools. Changes of this nature, of course, seriously affect the validity 
of the original standard. Often the first time it is brought to the time 
study departments attention is when a grievance has been submitted 
that a rate is too tight, or the cost department complains about a loose 
standard. Investigation will frequently reveal that a change in method 
has been the cause of this inequitable standard. In order to know what 
part or parts of the job should be restudied, the analyst must have infor¬ 
mation as to method used when the job was initially studied. If this 
information is not available and the rate appears too loose, the only re¬ 
course the analyst has is to let the loose rate prevail for the life of the 
job—a situation that will be resented by management—or to change the 
method again and then immediately restudy the job—a program that will 
be strongly criticized by the operator. 

Information as to the type of material being used should be recorded, 
as well as material used in cutting tools (carbon, high-speed, carfeide). 
A design change calling for a part to be made from "60-40 brass” rather 
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than ‘70-30 brass” could have a pronounced effect on cycle time. Like¬ 
wise, a change from high-speed tools to carbide tools could decrease 
machining time by more than 50 per cent. 

It has continually been emphasized that a job should not be time 
studied until it is ready to be studied; that is, until the method em¬ 
ployed is correct. However, it has also been shown that methods must be 
continually improved in order to progress. A plant that does not continu¬ 
ally emphasize methods improvement will fall into the doldrums and will 
eventually be unable to operate profitably. Since methods changes are 
continually taking place, it is necessary that complete analysis of the 
existing materials and methods be made and recorded prior to beginning 
the actual watch readings. 

Recording the Significant Information 

Complete information should be recorded concerning the machines, 
hand tools, jigs or fixtures, working conditions, materials used, operation 
performed, name of operator and clock number, department, date of 
study, and the time study observer’s name. Perhaps all this detail will 
seem unimportant to the novice, but through experience he will realize 
that the more pertinent information recorded, the more useful will the 
study be over the years to come. The time study will be a source of 
establishing standard data (see Chapter 18) and the development of 
formulas (see Chapter 19). It also will be useful in methods improve¬ 
ment, operator evaluation, tool evaluation, and machine performance. 

When machine tools are used, the name, size, style, capacity, and 
serial or inventory number should be specified. For example “No. 3 
Warner & Swasey Ram Type turret lathe, Serial No. 111408, equipped 
with 2-jaw S.P. air chuck,” would identify the facility under use. Cutting 
tools should be described completely as “%-inch, two-flute, high-speed, 
18-4-1, gun drill.” Likewise, description of general facilities should be 
complete and well defined, such as “2-pound ball-peen hammer,” “1-inch 
micrometers,” “combination square,” “12-inch bastard file.” 

Dies, jigs, gages, and fixtures can be identified by their number and a 
short description. For example, “flange trimming die F-1156,” “progres¬ 
sive trimming, piercing, forming die F-1202,” “Go-No-Go Thread Plug 
Gage F-1101.” 

The working conditions should be noted for several reasons. First, the 
prevailing conditions will have a definite relationship to the “allowance” 
added to the leveled or normal time. If conditions improve in the future, 
the allowance for personal time as well as fatigue may be diminished. 
Conversely, if for some reason, it becomes necessary to alter the working 
conditions so that they become poorer than when the time study was first 
taken, it would follow that the allowance factor should be raised. 

If working conditions prevailing during the study are different from 
the normal conditions that exist on that job, then they would have an 
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effect on the usual performance of the operator. For example, in a drop 
forge shop, if a study were taken on an extremely hot summer day, it can 
be readily understood that working conditions would be poorer than they 
usually are, and operator performance would reflect the effect of the in¬ 
tense heat. The following examples will illustrate the description that 
should be included when recording the job conditions: "Normal for job, 
wet, hot (90° F. ), operator standing," or “poor, temperature 85° F., op¬ 
erator seated, clean, noisy.” 

It will be noted that it is customary to indicate first the working con¬ 
ditions as they compare with the average conditions for that job. This 
description is then followed by a short account of the exact conditions 
which were observed. 

Raw materials are identified completely, giving such information as 
heat number, size and shape, weight, quality, and previous treatments. 

The operation being performed is specifically described. For example, 
“broach % inch X % inch keyway in I-inch bore” is considerably more 
explicit than the description “broach keyway.” There could be Several 
inside diameters on the part, each having a different keyway, and unless 
the hole that is being broached is specified and the keyway size is shown, 
misinterpretation may result. 

The operator being studied should be identified by name and clock 
number. There could easily be two John Smiths in one company. Then, 
too, the clock number does not completely identify an employee, aS labor 
turnover results in assignment of the same clock numbers to more than 
one employee over a period of years. 

Observer's Position 

Once the time study analyst has made the correct approach to the 
operator and has recorded all the significant information, he is ready to 
record the time consumed by each element. 

The time study observer should take a position a few feet to the rear 
of the operator so as not to distract or interfere with him. It is important 
that the time study analyst stand while taking the study. A time study 
man who takes his studies while seated will be subject to criticism from 
the operators and will soon lose the respect of the production floor Then, 
too, when standing, the observer is better able to move about and follow 
the movements of the operator s hands as he goes through his work cycle. 
Figure 14-1 illustrates the correct position of the observer with respect to 
the operator while studying a radial drill operation. It can be seen that 
the observer is in a position to have a simultaneous view of his watch, 
his time study form, and the hands of the operator. 

During the course of the study, the observer should avoid any con¬ 
versation with the operator, as this would tend to upset the routine of 
both the analyst and the workman. 
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FIG. 14-1. Time study observer studying a radial drill press operation. 


Dividing the Operation into Elements 

For ease of measurement the operation is divided into groups of ther- 
bligs known as “elements.” So that the operation may be divided into its 
individual elements, the observer should watch the operator for several 
cycles. However, if the cycle time is relatively long (over 30 minutes), 
the observer should write the description of the elements while taking 
the study. If possible, the elements into which the operation is to be di¬ 
vided should be determined in advance of the start of the study. Ele¬ 
ments should be broken down into divisions as fine as possible and yet 
not so small that accuracy of reading will be sacrificed. Elemental divi¬ 
sions of about .04 minute are about as fine as can be consistently read by 
the experienced time study analyst. Of course, if the preceding and suc¬ 
ceeding elements are relatively long, an element as short as .02 minute 
can be readily timed. 

In order to identify end points completely and develop consistency in 
reading the watch from one cycle to the next, elemental breakdown 
should give consideration to sound as well as sight. Thus, terminal points 
of elements can be associated with the sounds made when a finished 
piece hits the container, when a facing tool bites into a casting, when 
a drill breaks through the part being drilled, and when a pair of microme¬ 
ters are laid on a bench. 

Each element should be recorded in its proper sequence and include 
a basic division of work terminated by a distinctive motion or a sound. 
Thus, the element “up part to manual chuck and tighten” would include 
the basic divisions of reach for part, grasp part, move part, position part, 
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reach for chuck wrench, grasp chuck wrench, move chuck wrench, posi¬ 
tion chuck wrench, turn chuck wrench, move chuck wrench, and release 
chuck wrench. The point of termination of this element would be evi¬ 
denced by the sound of the chuck wrench being dropped on the head of 
the lathe. The element “start machine” could include reach for lever, 
grasp lever, move lever, and release lever. Rotation of the machine with 
accompanying sound would identify the point of termination so that 
readings could be made at exactly the same point in each cycle. 

Frequently, a standard elemental breakdown is adopted by the differ¬ 
ent time study analysts within a company for given classes of facilities so 
as to assure uniformity in establishing terminal points. For example, all 
single spindle bench type drill press work may be broken down into 
standard elements and all lathe work may be composed of a series of 
predetermined elements. Having standard elements as a basis for opera¬ 
tion breakdown is especially important in the establishment of standard 
data (see Chapter 18). 

When dividing the job into elements, the analyst should keep machine 
or cutting time separate from effort or handling time. Likewise, constant 
elements (those elements for which the time will not deviate within a 
specified range of work), should be kept separate from variable elements 
(those elements for which the time will vary within a specified range of 
work). 

Once the proper breakdown is made of all the elements comprising 
the operation, it is then necessary that each element be accurately de¬ 
scribed. The termination of one element is automatically the beginning 
of the succeeding element and is referred to as the “breaking point.” The 
description of this terminal point or breaking point should be such that 
it will be readily recognized by the observer. This is especially important 
when the element does not include sound at its ending. On cutting 
elements, the feed, speed, depth, and length of cut should be recorded 
immediately after the element description. Typical element descriptions 
are: “Pk. up pt. from table & pos. in vise” and “Dr. D. .005""F 1200 
R.P.M.” It will be noted that the analyst, in the interest of brevity, ab¬ 
breviates and uses symbols to a great extent. This system of notation is 
acceptable only if the element is completely described in terminology 
and symbols which are meaningful to all who may come in contact with 
the study. Some companies use standard symbols throughout their plant, 
and all connected with the plant are familiar with the terminology. 

When elements repeat themselves, it is not necessary to describe the 
element a second time, but only necessary to indicate in the space pro¬ 
vided for a description of the element, the identifying number of the 
element that was used when it first occurred. 

The time study form offers the flexibility required by diversified 
studies. For example, occasionally, it will not be possible to record an 
element that successively repeats itself, due to the space limitations of 
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the time study form. This can be handled by recording the watch read¬ 
ings of the repeating elements in the same column as the one in which 
the first occurrence of the element was recorded. Figure 14-2 illustrates 
this method of recording. 



FIG. 14-2. Method of recording an element that successively repeats itself. 
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When more than 15 elements comprise the study, a second sheet 
should be used to record those elements in excess of 15. If more than 20 
cycles are to be observed and the study comprises 7 or less elements, then 
the right-hand half of the form can be utilized by repeating the elements 
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and continuing the study in the open spaces. However, if more than 7 
elements occur and more than 20 cycles are to be recorded, a second 
sheet should be used. Figure 14-3 illustrates a 60-cycle study comprising 
4 elements. 



FIG. 14-4. Completed time study illustrating the continuous method of watch reading and 
over-all performance rating (front of form). 
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Taking the Study 

There are two techniques of recording the elemental time while taking 
the study. The continuous method, as the name implies, allows the 
stop watch to run for the entire duration of the study. In this method, the 
watch is read at the breaking point of each element while the hands of 
the watch are moving. In the snapback technique, the watch is read at 
the termination point of each element, and then the hands are snapped 
back to zero. As the next element takes place, the hands move from zero. 
The elapsed time is read directly from the watch at the end of this ele¬ 
ment, and the hands are again returned to zero. This procedure is fol¬ 
lowed throughout the entire study. 

When starting the study, using either the continuous method or the 
snapback, the time study analyst should advise the operator that he is 
beginning his study, and also let him know the exact time of day at which 
the study is being taken so that the operator will be able to verify the 
over-all time. The time of day that the study is started is recorded on the 
time study form (see Figure 14-4), just prior to starting the stop watch. 
Figures 14-4 and 14-5 illustrate a completed time study. 

Snapback Method 

The snapback method has certain advantages and disadvantages as 
compared to the continuous technique. These should be clearly under¬ 
stood before standardizing on one way of recording the values. In fact, 
some time study men find it desirable to use both methods, feeling that 
studies made up predominantly of long elements are adapted to snap- 
back readings, whereas short-cycle studies are better studied with the 
continuous procedure. 

Since elapsed elemental values are read directly in the snapback 
method, no clerical time is required for making successive subtractions, 
as is necessary with the continuous method. Then, too, elements that are 
performed out of order by the operator can be readily recorded without 
special notation. Proponents of the snapback method also bring out the 
fact that when using this procedure, it is not necessary to record delays, 
and since elemental values can be compared from one cycle to the next, 
a decision can be made as to the number of cycles to study. Actually, ob¬ 
servations of the past few cycles, as a means of determining how many 
additional cycles should be studied is an erroneous procedure. This prac¬ 
tice can lead to studying entirely too small a sample. 

W. O. Lichtner 1 points out one accepted disadvantage of the snapback 
method, namely that individual elements should not be removed from 
the operation and studied independently because elemental times are de¬ 
pendent on preceding and succeeding elements. Consequently, by omit- 

1 W. O. Lichtner, Time Study and Job Analysis (New York: Ronald Press Co.). 









FIG. 14-5. Completed time study form (back of form). 
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ting such factors as delays, foreign elements, and transposed elements, 
erroneous values will prevail in the readings accepted. 

One of the objections to the snapback method that has received con¬ 
siderable attention, particularly from labor groups, is the time that is lost 
while the hand is being snapped back to zero. Lowry, Maynard, and 
Stegemerten state: It has been found that the hand of the watch remains 
stationary from 0.00003 to 0.000097 hour at the time of snapback, de¬ 
pending upon the speed with which the button of the watch is pressed 
and released.” 2 This would mean an average loss of time of .0038 minute 
per element which would be a 3.8 per cent error in an element, .10 of a 
minute in duration. Of course, the shorter the element, the greater the 
per cent of error introduced, and the longer the element, the smaller 
the error. Although experienced time study men will tend in reading the 
watch to allow for the "snapback time” by reading to the next highest 
digit, it should be recognized that a sizable cumulative error can develop 
with the snapback method. 

Another disadvantage of the snapback method is the tendency for the 
observer to become careless once he has established a value for the vari¬ 
ous elements. He may anticipate what the reading will be and record the 
corresponding value without close attention to the true elapsed time. 

In summary, the snapback procedure has the following disadvan¬ 
tages: 

1. Time is lost in snapping back; therefore, a cumulative error is introduced 
into the study. 

2. Short elements (.06 minute and less) are difficult to time. 

3. Record of the complete study is not always given in that delays and for¬ 
eign elements may not be recorded. 

4. Carelessness on part of time study man is promoted. 

The Continuous Method 

The continuous method of recording elemental values is recommended 
for several reasons. Probably the most significant reason is that this type 
of study presents a complete record of the entire observation period and, 
as a result, appeals to the operator and his representatives. The operator 
is able to see that no time has been left out of the study and that all de¬ 
lays and foreign elements have been recorded. With all the facts clearly 
presented, it is easier to explain and sell this technique of recording times. 

The continuous method is also better adapted to recording very short 
elements. Since no time is lost in snapping the hand back to zero, accu¬ 
rate values can be obtained on successive elements of .04 minute and on 
elements of .02 minute when followed by a relatively long element. With 
practice, a good time study man using the continuous method will be 
able to catch accurately three successive short elements (less than .04 

2 S. M. Lowry, H. B. Maynard, and G. J. Stegemerten, Time and Motion Study 
and Formulas for Wage Incentives (3rd ed.; New York: McGraw-Hill Book Co 
Inc., 1940). ’ 
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minute), if they are followed by an element of about .15 minute or 
longer. He does this by remembering the watch readings of the terminal 
points of the three short elements and then recording their respective 
values while the fourth longer element is talcing place. 

Of course, as previously pointed out, more clerical work is involved in 
calculating the study when using the continuous method. Since the watch 
is read at the breaking point of each element while the hands of the 
watch continue their movements, it is necessary to make successive sub¬ 
tractions of the consecutive readings in order to determine elapsed ele¬ 
mental times. For example, the following readings might represent the 
terminal points of a ten-element study: 4, 14, 19, 121, 25, 52, 61, 76, 211, 
16, and the elemental values of this cycle would be 4, 10, 5, 102, 4, 27, 9, 
15, 35, and 5. 

Recording the Time Consumed by Each Element 

When recording the watch readings, the analyst notes only the neces¬ 
sary digits and the decimal point is not indicated, thus giving as much 
time as possible to observe the performance of the operator. Thus, if a 
decimal minute watch should be used and the terminal point of the first 
element occurred at .08 minute, the analyst would record only the digit 8 
in the “R” (reading) column of the time study form. If the decimal hour 
watch is in use and the end point of the first element is .0052, the 
recorded reading would be 52. The following table illustrates the pro¬ 
cedure of using a decimal minute watch: 


Consecutive Reading of Recorded 

Watch in Decimal Minutes Reading 

.08. 8 

.25. 25 

1.32.132 

1.35. 35 

1.41. 41 

2.01..201 

2.10. 10 

2.15. 15 

2.71. 71 

3.05.305 

3.17. 17 

3.25. 25 


The small hand on the watch will indicate the number of elapsed 
minutes so the observer can refer to it periodically to verify the correct 
first digit to record after the large hand sweeps past the zero. For ex¬ 
ample, after 22 minutes have passed in taking a given study, the observer 
may not recall whether the value to record after the termination of the 
element he is observing should be prefixed by “22” or “21.” By glancing 
at the small hand of his watch, he will note that it has moved past the 
22, thus letting him know that 22 is the correct prefix of the reading to 
be recorded. 
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All watch readings are recorded in consecutive order in the “R” 
column until the cycle is completed. Subsequent cycles are studied in a 
similar manner, and their elemental values are recorded. 

Difficulties Encountered 

During the course of the time study, the observer will encounter varia¬ 
tions from the sequence of elements that he originally established, and 
occasionally he himself will miss specific terminal points. These diffi¬ 
culties tend to complicate the study, and the less often they occur, the 
easier it will be to calculate the study. 

When the observer misses a reading, he should immediately indicate 
an “M” in the “R” column of the time study form. In no case should he 
make an approximation and endeavor to record the missed value, be¬ 
cause this practice can destroy the validity of the standard established 
for the specific element. If the element were used as a source of standard 
data, appreciable discrepancies in future standards may result. Occa¬ 
sionally, the operator will omit an element, and this is handled by draw¬ 
ing a horizontal line through the space in the “R” column. This variation 
should happen infrequently, as it is a sign of an inexperienced operator 
or else an indication of lack of standardization of method. Of course, the 
operator can inadvertently omit an element such as forgetting to “vent 
cope” in making a bench mold or omitting the element “apply parting 
dust.” If elements are repeatedly omitted, the analyst should stop the 
study and investigate the necessity of performing the omitted elements 
at all. This should be done in co-operation with the foreman and the op¬ 
erator so that the best method can be established. The observer is ex¬ 
pected to be constantly on the alert for determining better ways to per¬ 
form the elements; as ideas come to his mind, he should jot them down in 
the “note” section of the time study form for future study and possible 
development. 

Another variation in sequence with which the observer will be faced 
is the performance of elements out of order. This may happen fairly fre¬ 
quently when studying a new or inexperienced employee on a long-cycle 
job made up of many elements. To avoid as many of these disturbances as 
possible is one of the prime reasons for studying a competent, fully 
trained employee. However, when elements are performed out of order, 
the observer should immediately go to the element that is being per¬ 
formed and draw a horizontal line through the middle of its “R” space; 
directly below this line is shown the time the operator began the element, 
and above it, the completion time is recorded. This procedure is repeated 
for each element performed out of order and for the first element that is 
performed back in the normal sequence. Figure 14-4 illustrates a typical 
study, and elements 2, 3, and 4 on Cycle 6 show how the analyst handled 
the elements performed out of order. 

During the course of the time study, the operator may encounter un¬ 
avoidable delays such as being interrupted by a clerk or a foreman or tool 
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breakage. Furthermore, the operator may intentionally cause a change in 
the order of work by going for a drink or stopping to rest. Interruptions 
of this nature occurring in the work cycle are referred to as ^foreign 
elements.” 

Foreign elements can occur either at the breaking point or else dur¬ 
ing the course of an element. The majority of foreign elements, particu¬ 
larly if they are controlled by the operator, occur at the termination of 
one of the elements comprising the study. When a foreign element oc¬ 
curs during an element, the observer will signify the event by an alpha¬ 
betical designation in the “T” column of this element. If the foreign ele¬ 
ment took place at the breaking point, the alphabetical designation will 
be recorded in the “T” column of the work element which follows the 
interruption. The letter “A” is used to signify the first foreign element 
and “B” the second, and so on. 

As soon as the foreign element has been properly designated with an 
alphabetical symbol, a short description is made of it in the space pro¬ 
vided immediately after the corresponding reference letter. The time 
that the foreign element begins is shown in the lower part of the “R” 
block of the foreign element section, and the watch reading at the termi¬ 
nation of the foreign element is recorded in the upper part. These values 
can then be subtracted at the time the study is calculated, in order to de¬ 
termine the exact duration of the foreign element. This value is then 
shown in the “T” column of the foreign element section. Figure 14-4 
illustrates the correct handling of several foreign elements. 

Sometimes elements occur during the course of a study which may be 
treated as foreign elements, but investigation reveals that they have a 
definite relation to the job being studied. In cases like this, the element 
should be considered as irregular and the elapsed time should be leveled, 
the proper allowance added, and the result properly prorated to the 
cycle time so that a fair standard can be achieved. 

Occasionally, a foreign element will occur that will be of such short 
duration that it will be impossible to record it in the fashion outlined. 
Typical examples of this would be dropping a wrench on the floor and 
quickly picking it up, wiping one’s brow with a handkerchief, or turning 
to speak briefly to the foreman. In cases similar to these examples where 
the foreign element may be .06 minute or less, the most satisfactory 
method of handling the interruption is to allow it to accumulate in the 
element where it occurs and immediately circle the reading, indicating 
that a ‘wild” value has been encountered. A short comment should also 
be made in the “note” section of the time study form across from the 
element where the interruption occurred, thus justifying the circling 
procedure. 

Number of Cycles to Study 

The number of cycles to be studied in order to arrive at an equitable 
standard is a subject that has caused considerable discussion among time 
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study analysts. Since the activity of the job, as well as its cycle time, di¬ 
rectly influences the number of cycles that can be studied from an eco¬ 
nomic standpoint, one cannot be completely governed by the sound 
statistical practice that demands a certain size sample based on the dis¬ 
persion of the individual element readings. 

The General Electric Company has established the following table as 
a guide to the number of cycles to be observed: 


Cycle Time Recommended Number 

in Minutes of Cycles 

• 10 . 200 

•25.100 

.50. 60 

•75. 40 

1.00 . 30 

2.00. 20 

4.00- 5.00. 15 

5.00-10.00. 10 

10 . 00 - 20.00 . 8 

20.00-40.00. 5 

40.00-above. 3 


Source; Information taken from the Time Study Manual of the Erie Works 
of the General Electric Company, developed under the guidance of Albert 
E. Shaw, Manager of Wage Administration. 


The Westinghouse Electric Corporation has given consideration to 
activity as well as cycle time and has evolved the values shown in the 
accompanying table as a guide for their time study men. 


When the Time peb 

Piece ob Cycle Is Oveb: 

| Minimum Number of Cycles to Study 

Activity: 
Over 10,000 
per Year 

1,000 

to 

10,000 

Under 

1,000 

8.000 hours. 

2 

1 

1 

3.000 hours. 

3 

2 

1 

2.000 hours. 

4 

2 

1 

1.000 hours. 

5 

3 

2 

.800 hours. 

6 

3 

2 

.500 hours. 

8 

4 

3 

.300 hours. 

10 

5 

4 

.200 hours. 

12 

6 

5 

.120 hours. 

15 

8 

6 

.080 hours. 

20 

10 

8 

.050 hours. 

25 

12 

10 

.035 hours. 

30 

15 

12 

.020 hours. 

40 

20 

15 

.012 hours. 

50 

25 

20 

.008 hours. 

60 “ 

30 

25 

.005 hours. 

80 

40 

30 

.003 hours. 

100 

50 

40 

.002 hours. 

120 

60 

50 

under .002 hours. 

140 

80 

60 
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The mean of the sample of the observations should be reasonably close 
to the mean of the population. Thus the analyst should take sufficient 
readings so that when their values are recorded a distribution of values 
with a dispersion characteristic of the population dispersion is obtained. 

Some concerns, 3 in their training programs for time study analysts, have 
the observer take readings and plot the values to obtain a frequency dis¬ 
tribution. Although there is no assurance that the population of ejementa 
times is normally distributed, still experience has shown that the vari¬ 
ation of performance of a given operator will approximate the normal 
bell-shaped curve (see Figure 14-6). 



MEAN 

FIG. 14-6. The normal frequency distribution. 

The number of cycles to be studied in order to assure a reliable sam¬ 
ple may be determined mathematically, and this value, tempered wi 
sound judgment, will give the analyst a helpful guide m deciding t e 

length of observation. r 

Statistical methods may be utilized as an aid in the determpation of 
the number of cycles to study. It is known that sample averages * drawn 
from a normal distribution of observations are distributed normally about 
the population mean p. The variance of * about the population mean 
2 

equals — where n = the sample size. 

The above normal curve theory leads to the following confidence in- 
terval equation: 


When z = 1 there is 68.25 per cent confidence that the * nter J al d ®® ned 
contains likewise 95.46 per cent confidence when z - 2 and 99.73 per 
cent confidence when z = 3 (Table XXXIII, Appendix). 

When N ^ 30, a may be estimated by the following equation: 


(Xi - .r ) 5 


3 For example, the Kurt Salmon Company. 


( 2 ) 
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where 

Xi = individual reading of an element 
x = mean or average of all readings of an element 
n — number of readings of an element or sample size 
2 = the sum of terms from i — 1 to i = n. 

For computational purposes, the above equation may be expressed as 



Consequently, any desired confidence interval may be computed for 
each element of the study; that is, if 36 readings for a given element 
showed x ~ .30 and o- - .09, there would be 95 per cent confidence that u. 
would be contained in the interval .27 to .33 or that x is within ± 10 per 
cent of fx: r 


x + 


2(7 2(.09) 

= -30 + —= = .33 

V3<r 


Vn 


x 


2(7 

Vn 


.30 


2(,09) 

V36" 


= .27 . 


If the accuracy is deemed unsatisfactory when equation (1) is utilized 
m the above manner, it is possible to solve for N, the required number of 

readings for a given accuracy by equating to a percentage of x: 


z VN~ ks 

MS)’ 



N = j ~| /nxxi 2 - 
kZXi 


n = ( y«** - 

\ k-ZXi ) 


where k - an acceptable percentage of *, that is, in the above example 
if * is required within ± 5 per cent of with 95 per cent confidence 
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2(.09) 

(.05X.30) 


i. 


When n 30, the statistic “t” as explained in most elementary statistic 
texts should be used instead of z and a computed taking into account 
degrees of freedom. Although, the above theory assumes the population 
of elemental time values normally distributed, sample means may be con¬ 
sidered approximately normally distributed even if the distribution of 
elemental time values is not normally distributed; hence, the above 
theory will still be approximately valid in a practical sense. 

If n readings have been taken on a time study, the selection of the most 
appropriate element for computing the desired number of readings may 
be a problem. It is recommended that the element having the greatest 

coefficient of variation ~ be selected for this purpose. It is also possible to 

solve for N in advance of taking the time study by interpreting historical 
data of similar elements or by actually estimating x and a from several 
snapback readings of certain elements to be studied. 

One concern 4 has equated the number of observations in terms of the 
range of the cycle time and the average cycle time. This has been ex¬ 
pressed as: 


N = 205 - - 42 

S, 


where 


N = number of observations required 
R — range of cycle time 
x = mean cycle time. 

This has been derived as follows: 

R = Act where: 

K = average ratio between the range and the 

standard deviation in a succession of samples 
a- = the standard deviation of the sample taken. 

To conform to the limits desired of 95 per cent probability and 3 per 
cent permissible error, the possible error, Act and the permissible error, 
.03x are assumed to be equal. 

Therefore: 

Acr = .03a; 

.03x 

A 

where 


A = probability factor at 95 per cent. 
4 A. C. Spark Plug Division, General Motors Corporation. 
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Substituting for cr in the range formula: 

D (K)(Mx) 

R " - A - 

The values of K and A vary with the number of observations (N) 
taken. 

Substituting in the formula 


D (KKMx) 

r = -~a — 

the representative values in the accompanying table are shown. 


N 

K* 

At 

x = .10 Minute 

x = .20 Minute 

40 

4.3216 

.3222 

.0402 

.0805 

50 

4.4982 

.2859 

.0472 

! .0944 

75 

4.8060 

.2310 ! 

.0624 

.1248 

100 

5.0152 

.1990 

.0756 

.1512 

125 

5.1727 

.1774 

.0875 

.1749 

150 

5.2985 

.1617 

.0983 

.1967 

175 

5.4029 

.1494 

.1085 

.2169 

200 

5.4921 

.1396 

.1180 

.2360 


* K values obtained from Biometrika by L. H. C. Tippett. 

f A values obtained from Statistical Methods for Research Workers by R. A. Fisher. 

On graph paper, plotting R (range), against x (average time), for 
various samples ( N ), we find a straight-line relationship from the for¬ 
mula, R = Mx -F B, Therefore, for sample sizes of 40, 150, 200, we get 
slope M: 


N = 40 M = .402 £ = 0 

N = 150 M = .983 B = 0 

N = 200 M = 1.180 B = 0 

To introduce N into the above formula, N was plotted against M for 
various sample sizes and the resulting straight line formula is: 


N = M\M + B 

N = 205 M — 42 (approximate) . 

From the formula, R = Mx + B, since B = 0, we get M in terms of R 
and x as: 



Substituting this expression from M in the formula: N = M iM + B, 
we get 
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.03- 

.05- 


.10 H 


.15 


.20 



TIME STUDY OBSERVATIONS REQUIRED 



200 


150 


h 100 


t 5 ° 

L. 40 

NUMBER OF 

OBSERVATIONS 

REQUIRED 


,30 — J 

RANGE -MIN. Courtesy: A. C. Spark Plug Division, General Motors Corp. 

FIG 14-7. N type alignment chart for determining the time study observations required 
(above 40) for 95 per cent probability and 3 per cent error. 


Having an equation involving N, number of observations, H, range of 
cycle time, and x, average cycle time, an alignment chart may be de¬ 
signed to facilitate the solution of N. The N alignment chart illustrated 

in Figure 14—7 is evolved as follows: 

Rearranging the equation to conform to the general N chart equation: 


205B 

X 


- N 42 


N varies from 0 to 240 
R varies from 0 to .30 
x varies from 0 to .75 . 


Comparing with the general alignment chart equation. 

Af(u) + Bf(v) = Cf(w) + CK . 
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R = flu) 

N = f(v) 

0 = flw) 

A = 205 
x 

B = -1 
C = 1 
K = 42. 

Selected chart width 8 inches, chart height 12 inches. 
Develop scale modulus: 

M = °f Scale _ 12 

Range of flu) ~ .30 
(when B is negative, M x is negative) 
M = Length of Scale _ 12 

Range of/(*;) “ 240 ~ '° 5 * 

Calculate A: 


A = 


BDM X 


AM y + BM X 


(~ 1)(8)(—40) 


320 


—-(•05) + ( —1)(—40) 

X 


10.25 


+ 40 


x 


Calculate E: 


E = CM * M «(f ( w ) + K) 
AMy + BM X 


E = 


■84 


10.25 

x 


40 


The scale equations: 


(1)(-40)(.Q5)(42) 

205~ 

--(.05) + (—1)(—40) 


X = M x f(u) = -40/2 
Y = M y f{v) = .05#. 

Values are then developed in tabular form. 


Sample 


R 

x = —4072 

N 

y = .05# 

X 

A 320 

F ~ 84 

10.25 
. +40 

10.25 

-r + 4o 

0 

' 0 

0 

0 

0 



.05 

-2 

40 

2 

.05 

1.306 

-.343 

.20 

-8 

150 

7.5 

.40 

4.876 

-1.280 

.30 

-12 

240 

12.0 

.75 

5.963 

-1.565 


Using these values, the N chart is laid out and plotted. 
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As has been pointed out, these mathematical derivations represent 
only a guide to the analyst and do not replace common sense and good 
judgment, which are still fundamental if the time study analyst is to do a 
good job in a practical manner. 

Rating the Operator Performance 

Before the observer leaves the work station, he should have given a 
fair performance rating to the study. On short cycle, repetitive work, it 
is customary to apply one rating to the entire study. However, where 
the elements tend to be of long duration and entail diversified ipanual 
movements and motions, it is more practical to evaluate the performance 
of each element as it occurs during the course of the study. The time 
study form illustrated in Figures 14-4 and 14-5 makes a provision for 
both the over-all rating and the individual element rating. 

Since the actual time that was required to perform each element of 
the study was dependent to a high degree on the skill and effort of the 
operator, it is necessary to adjust the time of the good operator up to 
standard and the time of the poor operator down to standard. 

In the performance rating or leveling system, the observer evaluates 
the effectiveness of the operator in terms of his conception of a “normal” 
man performing the same element. This effectiveness is given a value 
expressed as a decimal or percentage and assigned to the element ob¬ 
served. A “normal” operator is defined as a qualified, thoroughly experi¬ 
enced operator who is working under conditions as they customarily pre¬ 
vail at the work station, at a pace that is neither too fast nor too slow 
but representative of average. The normal man exists only in the mind of 
the time study analyst and has developed as a result of thorough and 
exacting training and experience in the technique of measuring wide 
varieties of work. 

The basic principle of performance rating is to adjust the actual 
observed mean time for each acceptable element performed on the study 
to the time that would be required by the normal man to perform the 
same work. In order to do a fair job of rating, the time study man must be 
able to disassociate himself from personalities and other varying factors 
and consider only the amount of work being done per unit of time as 
compared to the amount of work that the normal man would produce. 
Chapter 15 explains more fully the performance rating or leveling 
techniques in common use. 

Apply Allowances 

It would be impossible for an operator to maintain an average pace 
for every minute of the working day, just as it would be impossible for 
a football game to entail 60 minutes of actual, continuous play time. 
Three classes of interruptions take place occasionally for which extra 
time must be provided. The first of these is personal interruptions, such 
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as trips to the rest room and drinking fountain; the second is fatigue, 
which, as we all know, affects the strongest individual even on the light¬ 
est type of work. Lastly, unavoidable delays take place for which some 
allowances must be made, such as tool breakage, interruptions by the 
foreman, and slight tool trouble. 

Since the time study is taken over a relatively short period of time 
and since foreign elements have been removed in determining the 
normal time, an allowance must be added to the leveled or base time in 
order to arrive at a fair standard that can be achieved by the normal 
operator when exerting average effort. Chapter 16 outlines in detail 
means of arriving at realistic allowance values. 

Calculate the Study 

Once the analyst has properly recorded all necessary information on 
t e time study form, has observed an adequate number of cycles, and 
has properly performance rated the operator, he should thank the opera¬ 
tor and proceed to the next step, which is computation of the study. In 
some plants, clerical help is used to compute the study, but in most cases 
the analyst himself does the work. The analyst usually prefers to analyze 
his own study because he is vitally interested in the resulting standard 
and does not care to let other individuals tamper with his calculations. 
Then, too, less chance of error will be risked if the analyst computes his 
own study, in that he will encounter no difficulty in interpreting his own 
notes and reading his own recorded values. 

The initial step in computing the study is to verify the final stop¬ 
watch reading with the over-all elapsed clock reading. These two values 
should check within plus or minus a half minute, and if a sizable dis¬ 
crepancy is noted, the analyst should check the study stop-watch read¬ 
ings for error. 

When using the continuous method, a subtraction is made between 
the watch reading and the preceding reading, giving the elapsed time, 
and this is recorded in ink or red pencil. This procedure is followed 
throughout the study, each reading being subtracted from the succeed¬ 
ing one. It is important that the analyst be especially accurate in this 
phase. Carelessness at this point can completely destroy the validity of 
the study. If elemental performance rating has been used, a supplemen¬ 
tary work sheet will be required to record the elapsed elemental time, 
and these values, after being multiplied by the leveling factor will be 
recorded in ink or red pencil in the “T” spaces of the time study form. 

Elements that have been missed by the observer are signified by plac¬ 
ing an “M” in the “R” column as previously explained. When computing 
the study, the analyst must disregard both the missed element and the 
succeeding one, as the subtracted value in the study will include the 
time for performing both elements. 

Elements that have been missed by the operator may be disregarded, 
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since they have no effect on the preceding or succeeding values. Thus, 
if the operator happened to omit element 7 of cycle 4 in a 30-cycle study, 
the analyst should have but 29 values of element 7 with which to calcu¬ 
late the mean observed time. 

To determine the elapsed elemental time on out-of-order elements, it 
is merely necessary for the analyst to subtract the value appearing in the 
lower half of the “R” block from the value in the upper half for the ele¬ 
ment that was performed out of order. 

For foreign elements, it is necessary to deduct the time required for 
the foreign element from the cycle time of the element in which it 
occurred. The time taken by the foreign element is obtained by subtract¬ 
ing the lower reading in the “R” space of the foreign element section of 
the time study form from the upper reading. 

After all elapsed times have been calculated and recorded, they 
should be carefully studied for abnormality. There is no set rule for 
determining the degree of variation permitted in order to keep the value 
for calculation. If variations are broad on certain elements and can be 
attributed to some influence that was too brief to be handled as a for¬ 
eign element, yet long enough to effect substantially the time of the ele¬ 
ment, such as dropping a tool or blowing the nose, or if the variation may 
be attributed to errors in reading the stop watch, then these values 
should be immediately circled and excluded from further consideration 
in working up the study. However, if wide variations are due to the 
nature of the work, then it would not be wise to discard any of the values. 

Elements that are “paced” by the facility or process will have little 
variation from cycle to cycle, whereas considerably wider variation in 
“operator controlled” elements would be expected. When variations in 
time occur that are not explainable, the analyst should be quite careful 
before circling any such values. He must be aware that this is not a per¬ 
formance rating procedure, and by arbitrarily discarding high values or 
low values, he may end up with an incorrect standard. A good rule is, 
“When in doubt do not discard the value.” 

If elemental rating is being used, then after the elemental elapsed 
time values have been computed, the normal elemental time is deter¬ 
mined by multiplying each elemental value by its respective perform¬ 
ance factor. This normal time is then recorded for each element in the 
“T” columns. The mean elemental normal value is next determined by 
dividing the number of observations into the total of the times in the 
“T” columns. 

If the over-all study is leveled, then the means of the elapsed elemen¬ 
tal times are computed and the performance factor is applied to these 
values in the space provided so as to determine the various normal ele¬ 
mental time values. 

After the normal elemental times have been evolved, the percentage 
allowance is added to each element to determine the allowed time The 
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nature of the job will determine the amount of allowance to be applied, 
as will be shown in Chapter 16. Suffice to say at this point that 15 per cent 
is an average allowance for effort elements and 10 per cent is representa¬ 
tive of the allowance applied to mechanically controlled elements. 

Upon determination of the allowed time for each element, the analyst 
should then summarize these values in the space provided on the reverse 
side of the time study form so as to obtain the allowed time for the 
entire job. This is commonly referred to as the “standard” or the “rate” 
for the job. 

Summary of Computing the Study 

To summarize the steps taken in computation of a typical study with 
continuous watch readings and over-all performance rating, the follow¬ 
ing procedure in chronological sequence would be observed: 

1. Make subtractions of consecutive readings to obtain elemental elapsed 
times. 

2. Circle and discard all abnormal or “wild” values where assignable cause 
is evident. 

3. Summarize remaining elemental values. 

4. Determine mean of the observed values of each element. 

5. Determine elemental normal time by multiplying the performance factor 
by the mean elapsed time. 

6. Add the appropriate allowance to the elemental normal values to obtain 
the elemental allowed times. 

7. Summarize the elemental allowed times on the reverse side of the time 
study form to obtain the standard time. (Elements occurring more than 
once per cycle need be shown but once with the number of occurrences 
and the resulting product.) 

If elemental leveling has been used on a continuous study, then the 
series of events in computing the study would be: 

1. Make subtractions of consecutive readings to obtain elemental elapsed 
times. 

2. Circle and discard all abnormal or “wild” values where assignable cause 
is evident. 

3. Determine normal times of each individual element by multiplying per¬ 
formance factor by elapsed time value and record in red pencil in the 
“T” column. 

4. Determine mean of the elemental normal times. 

5. Add the appropriate allowance to the elemental normal values to obtain 
the elemental allowed times. 

6. Summarize the elemental allowed times on the reverse side of the time 
study form to obtain the standard time. (Elements occurring more than 
once per cycle need be shown but once with the number of occurrences 
and the resulting product.) 

TEXT QUESTIONS 

1. Define time study. 

2. What are the principal responsibilities of the time study observer? 

3. What are some of the qualifications for the successful time study analyst? 
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29 ' S h 87 ner ld b ? the fi r ? c l uired nu f ber of readin § s if the analyst wanted to 
c ? nt confident that the mean observed time is i4hin f 5 per 

^l&S^J^***** the following values & 

S .o 0 9 8 ’.ia’.i 2 12 :o9 09 ’ - 08 ’ ; ° 9 ’ - 12 ’ - 11 ’ - 11 - - 12 ’ ’° 9 ’ ^ 

3 °' Up0n the Westinghouse guide sheet, how many observations should 

be taken on an operation whose annual activity is 750 pieces and the 
cycle time is estimated at 15 minutes? What would be the dumber of ob 
servations needed according to the General Electric guide sheet? ° 
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GENERAL QUESTIONS 


1 . 

2 . 

3 . 

4. 


6 . 


Why are time study procedures the only known techniques for supplying 
reliable information relative to standard times. 

To what positions of importance does time study work lead? 

In what way can "loose” time standards result in poor labor relations? 
Whv are poor time standards a "headache” to union officials? 

How would you approach a belligerent operator if you were the time 


study analyst? . - 

If you were using the General Electric guide sheet to determine the num¬ 
ber of oTseryations to study and it deyeloped that 10 cycles were required, 
and after taking the study you used the standard error of the mean statis¬ 
tic to estimate ^he number of observations needed for a given confidence 
level and the resulting calculation indicated 20 cycles should be studied, 
what would be your procedure? Why? 


CHAPTER 15 


Performance Rating 


W 


. , . * /HILE THE TIME STUDY OR- 

'5 S S ! Udy ’ he WiI1 CarefuI, y observe performance of 

fornZrc r dunng ^ C0UrSe ° f the stud y- Seldom will the per¬ 

formance being executed conform to the exact definition of “normal” 

often referred to as “standard.” Thus, it is essential that some adjustment 
be made to the mean observed time in order to derive the time reqS 
for the norma man to do the job when working at an average pace. The 
that me * aben hy the above-standard operator must be increased to 
* ^ r6 T red by the normal worker, and the time taken by the below- 
standard operator must be reduced to the value representative of normal 

er d °™f lnCe ' ° nl >. m thls manncr ca “ * true standard be established in 
terms of a normal operator. 


Definition 


Performance rating is a technique for equitably determining the time 
reqmred to perform a task by the normal operator after th e S observed 

a “normal ™ d ® r s ‘ ud - v have been recorded. In Chapter 12, 

normal operator was defined as a qualified, thoroughly experienced 

aTthfrj^ ? W ° rkiDg C °“ diti0nS " customarily 6 prevail 

Uvf of avtrage * 3 ^ ** * neMwr faSt n0r sIow ’ but ^resenta- 

fl , J her f Z Q0 ° ne UniVe r alIy acce Pted method of performance rating 
a though the majority of the techniques are based primarily on the 
Fdgment of the time study man. For this reason, the time study analyst 
must have the high personal characteristics discussed earlier in this text 
No other component of the time study procedure is subject to as much 
troversy and criticism as the performance rating phase. Regardless of 
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whether the rating factor is based on the speed or tempo of the output 
or based upon the performance of the operator when compared to that 
of the normal worker, judgment is still the criterion for the determination 
of the rating factor. Some attempts have been made to accumulate 
fundamental motion data and compare these values to the mean 
served values so as to arrive at a factor that can be used for evaluation 
of the entire study. This technique known as ‘ synthetic rating wi 
discussed later in this chapter. 

Concept of Normal 

Tust as there is no one universal method of performance rating, so 
thJre is no one universal concept of normal performance. In general 
industries engaged in the manufacture of low-cost, highly competitiv 
products wilf have a “tighter” conception of normal per onmnce than 

that expected by a company producing a line of products pro y 

P *'“d,6ning wh,, » meant by WT M-^***** “ 
enumerate benchmark examples that are familiar to all. When this is 
done care must be taken that method and work requirements are care- 
fullv’defined Thus, if the benchmark of dealing 52 cards m _45 minute 
s estabShed complete and specific description relative to distance o 
he four hands dealt, with respect to the dealer and the technique of 
grasping, moving, and disposing of thei cards should be 
if the benchmark of .35 minute is established for walking 100 feet 3.25 
miles per hour) it should be clearly explained whether this is walking 
on level ground or not, whether this is walking with or without load 
and if wfth load, how heavy the load. Supplementing the benchmark 
examples should be a clear description of the characteristics o an 

ou. . normal pi- A roproaontallv. dmcpbon 

of such an employee might be: 

tinuous performance. 

The more clear-cut and specific the definition of normal, the better it 
•iT ll lt diouid clearly describe the skill and effort involved m the 
performance, so that all workers in the plant will have a 
understanding of the concept of normal that prevails m the plant. 

T^ert Lee Morrow, Time Study and Motion Economy (New York: Ronald 
Press Co., 1946). 
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Uses and Effects 

Even though personnel departments endeavor to provide only “nor- 
ma or above normal” employees for each position within the company 
still individual differences do exist. These differences among a given 
group of employees within the plant can become more pronounced as 
time goes on. Differences in inherent knowledge, physical capacity, 
ealth, trade knowledge, physical dexterity, and training will cause one 
operator consistently and progressively to outperform another. The de¬ 
gree of variation in the performance of different individuals has been 
estimated to approximate the ratio of 1 to 2.25. 2 Thus, in a random selec¬ 
tion of 1,000 employees, the frequency distribution of the output would 
approximate the normal curve with less than three cases on the average 
falling outside the three sigma limits (99.73 per cent of the time). If 
100 per cent should be taken as normal, then based on a ratio of the 
slowest operator to the fastest as 2.25 to 1, * - 3a could equal .61 and 
* + 3a would then equal 1.39. This would mean that 68.26 per cent of the 
people would be within plus or minus one sigma limit or between per- 
formance rating values of .87 and 1.13. Graphically, the expected total 
is ribution of the 1,000 people would appear as shown in Figure 15-1 
Since employees are usually carefully screened by personnel depart¬ 
ments before being assigned to specific jobs, the mean of any selected 

eX . Cee f d the 100 P er cent figure representative of a sample 
taken arbitrarily from the population, and the dispersion of their output 
will probably be considerably less than 2.25 to 1 ratio. In fact, by careful 
testing programs, some concerns feel that their selection of the right 
person for the job, supplemented by intensive training in the correct 
ethod of performance, will result in similar output within close limits 
by different operators assigned to the same job. 



FIG. 15 1. Normal distribution curve of the output of 1,000 people se¬ 
lected at random. 


McGrawiHiIFBod^ e Co^, a inc.,^ , 'l945)f ,Mm * Ci ° f ^ ^ (2 " d *> r k: 
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In the majority of cases, significant differences in output will prevail 
among those assigned to a given class of work, and it is necessary to 
adjust the performance of the operator being studied to a predetermined 
concept of normal. 

Characteristics of a Sound Rating System 

The first and most important characteristic of any rating system is 
accuracy. Since the majority of rating techniques rely on the judgment 
of the time study observer, perfect consistency in rating cannot be ex- 

Pe Hotever, rating procedures that readily permit the different time 
study analysts, within a given organization, to study different operators 
employing the same method, to arrive at standards that are not more 
than 5 per cent in deviation from the average of the standards estab¬ 
lished by the group are considered adequate. The rating plan that 
carries variations in standards greater than the plus or minus per cen 
tolerance should be improved or replaced. 

Other factors being similar, the rating plan that gives the most con¬ 
sistent results will be the most useful. Inconsistency m rating will do 
more than any other one thing to destroy the operator s confidence m 
the time study procedure. For example, if a standard shouid be dev - 
oped through stop-watch study that allowed 7.88 hours to st¬ 

ings and at some later date a similar casting entailing a sh gbtly Jong 
cut should be studied, and a standard of 7.22 hours be established con¬ 
siderable complaint would be registered by the operator, even though 
both studies were within the plus or minus 5 per cent criterion o 

^Trating plan that achieves consistency when used by the various 
time study 8 analysts within a given plant and yet is outside the accep ed 
definition of normal accuracy can be corrected. A rating procedure that 
gives inconsistent results when used by the different time study_ men 
till be sure to end in failure. Time study men who find difficulty m 
rating consistently after proper and thorough training will be better off 
if they seek some other means of livelihood. It is not difficult to correct the 
rating habits of an analyst who rates consistently high or consistently 
low but it is most difficult to instill rating ability in the mind of the 
analyst who today is rating considerably too high and tomorrow may be 

^The rating system that is simple, concise, easily explained, and keyed 
to well-established benchmarks will be more successful than complex 
techniques that require involved adjusting factors and similar mathe¬ 
matical computation techniques that confuse the average shop employee. 

In view of the aforementioned accuracy limitations, every company 
will have, as time goes on, a number of standards which will be referred 
to as “tight” by the production floor, as well as those that will be known 
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as “loose.” If these inequities are within the 5 per cent tolerance range, 
few grievances will develop. However, if it becomes possible for an 
operator to earn as much as 50 per cent premium on one job, and he 
finds it difficult even to make standard on another, then general dis¬ 
satisfaction can be anticipated for the whole rate program. At this point, 
it might be well to mention that inequalities in different rates are not 
necessarily entirely due to poor performance rating. Loose rates frequently 
are due to methods improvements inaugurated over a period of time 
without restudy of the job from the time study point of view. 

Rating at the Work Station 

There is only one time when the performance rating should be done 
and that is during the course of the observation of the elemental times. 
As the operator progresses from one element to the next, the analyst 
carefully evaluates his speed, dexterity, freedom from false moves, 
rhythm, co-ordination, effectiveness, and all other factors influencing 
output by the prescribed method. It is at this time, and this time only, 
that the performance of the operator in comparison to normal perform¬ 
ance is most clearly evident to the observer. Once the performance has 
been judged and recorded, it should not be changed. This does not im¬ 
ply that faulty judgment on the part of the observer is not possible. In 
case the leveling is questioned, the job or operation should be restudied 
to prove or disprove the recorded evaluation. 

Immediately after completing the study and recording the final per¬ 
formance factor, the observer should advise the operator as to his per¬ 
formance rating. Even if elemental rating is used, the analyst will be able 
to approximate the operator’s performance and so advise him. This 
practice will permit the analyst to defend his standard prior to its cal¬ 
culation, and will give the operator an opportunity to express his opinion 
as to the fairness of the performance factor directly to the man respon¬ 
sible for its development. Thus, an understanding can be achieved prior 
to computation of the standard. Where this procedure is practiced, time 
study men will find that they receive greater respect from the operators 
and will also find that they tend to be more conscientious in their rating 
of the operator’s performance. Also, considerably fewer rate grievances 
will be submitted because most rates will have been agreed upon, or at 
least satisfactorily explained and sold, before they are issued. 

Rating Elements Versus Over-all Study 

The question as to how frequently should the performance be evalu¬ 
ated during the course of a study often comes up. Although no set rule 
can be established as to the interval limit that permits concise rating, 
generally it can be said that the more frequently the study is rated, the 
more accurate the evaluation of the true normal performance will be. 

On short-cycle repetitive operations, little deviation in operator per- 
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formance will be realized during the course of the average length study 
(15 to 30 minutes). In cases like this, it will be perfectly satisfactory to 
evaluate the performance of the entire study and record the rating factor 
for each element in the space provided. Of course, power-fed or ma¬ 
chine-controlled elements will be rated normal or 1.00, as their speed 
cannot be changed or modified at will by the operator. In short-cycle 
studies, if the observer endeavors to performance rate each successive 
element of the entire study, he will be so busy recording values that he 
will be unable to do an effective job of observation, analysis, and eval¬ 
uation of the true performance. 

When the study to be taken is relatively long (over 30 minutes) or is 
made up of several long elements, then operator performance may be 
expected to vary during the course of the time study. In such studies, 
it is important that performance be periodically evaluated and rated. 
Elements longer than .10 minute in duration can be consistently and 
accurately rated as they occur. However, if a study is made of a series 
of elements shorter than .10 minute, then no effort should be made to 
evaluate each element of each cycle of the study, as time will not permit 
this operation. It will be satisfactory to rate the over-all time of each 
cycle or perhaps each group of cycles. 

METHODS OF RATING 


Westinghouse System 

One of the oldest and very widely used systems of rating is the one 
developed by the Westinghouse Electric Corporation and outlined in 
detail by Lowry, Maynard, and Stegemerten. 3 In this method, four fac¬ 
tors are considered in evaluating the performance of the operator. These 
are skill, effort, conditions, and consistency. 

Skill is defined as "proficiency at following a given method” and can 
be further explained by relating it to craftmanship, demonstrated by 
proper co-ordination of mind and hands. 

The skill of an operator is determined by his experience and inherent 
aptitudes such as natural co-ordination and rhythm. Practice will tend 
to develop skill, but it cannot entirely compensate for deficiencies in 
natural aptitude. All the practice in the world could not make major 
league baseball pitchers out of most male athletes. 

A person’s skill increases on a given operation over a period of time 
because increased familiarity with the work brings speed, smoothness of 
motions, and freedom from hesitations and false moves. A decrease in 
skill is usually caused by impairment of ability brought about by physi¬ 
cal or psychological factors such as failing eyesight, failing reflexes, and 

3 S. M. Lowry, H. B, Maynard, and G. J. Stegemerten, Time and Motion Study 
and Formulas for Wage Incentives (3rd ed.; New York: McGraw-Hill Book Co., 
Inc., 1940). 
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loss of muscular strength or co-ordination. From this it can readilv^e 
appreaated that a person s skill can vary from Job to job and evet from 
operation to operation on a given job 

According to this system of leveling or rating, there are six demee* 
or classes of skill within which an operator can perform that represent 
an acceptable proficiency for evaluation. These are: poor. to ™ 
good excellent, and super. The skill displayed by the operator is ™ ’ 
uated by the observer and rated in one of these six classes. Table XIII 

TABLE XIII 
Skill 


+0.15 

+0.13 

+ 0 . 11 . 

+0.08. 

+0.06. 

+0.03. 

0 . 00 . 

-0.05. 

- 0 . 10 . 

-0.16. 

- 0 . 22 . 


Al 

Superskill 

A2 

Superskill 

Bl 

Excellent 

B2 

Excellent 

Cl 

Good 

C2 

Good 

D 

Average 

El 

Fair 

E2 

Fair 

FI 

Poor 

F2 

Poor 


Source: Lowry, Maynard, and Stegemerten, op. cit. 

illustrates the characteristics of the various degrees of skill together with 
their equivalent numerical values. The skill rating is then translated to o 
l s equivalent percentage value, which ranges from plus 15 per cent for 
superskill to minus 22 per cent for poor skill. 

combined algebraically with the ratings for effort, conditions and con 
sistency to arrive at the final leveling, or performance rating factor 

of flJ +r i t0 i hiS ratin S method ’ is defined as a “demonstration 
of the wi to work effectively.” It is representative of the speed v+h 

which skill is applied, and can be controlled to a high degree bv *e 
operator, ^observer when evaluating the effort gifen mS exerct 
care to rate only the effective effort demonstrated. Atony times an ope a 
or will apply misdirected effort with high tempo to order to increare 
the cycle time of the study and yet retain a liberal rating factor As for 

cental,? daSSe * f effort can be exhibited that are representative of ac- 
ptable speed for rating purposes: poor, fair, average, good excellent 

« “„7 Z h " bee ” ”** ‘ ”'»* » f P ,us 13 plr 

,r, if mim " 17 per ,he ™'»«gi~ to 

p ttort Table XIV gives the numerical values for the different de 
gortos effWt and S ° ° UtlineS the c,laracterist 'cs of tlie various cate- 

The conditions referred to in this performance rating procedure are 
ose which affect the operator and not the operation. In more than the 
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majority of instances, conditions will be rated normal or average as con¬ 
ditions ^re evaluated in comparison with the way m which tiey 
tomarily are found at the work station. Elements that would affect the 
working conditions include temperature ventilation, ligK " 01 ^ 

Thus, if the temperature at a given work station was 60 F. whereas it 
customarily was maintained at 68° to 74° F„ the conditions would be 


TABLE XIY 
Effort 


+013 . 

A1 

Excessive 

_}_0 12 . 

A2 

Excessive 

4-010 . 

B1 

Excellent 

4-0 08 . 

B2 

Excellent 

_|_0 05 . 

Cl 

Good 

_|_0 02 . 

C2 

Good 

0 00 . 

D 1 

Average 

0 04 . 

El 

Fair 

0 08 . 

E2 

Fair 

012 . 

FI 

Poor 

0.17. 

F2 

Poor 


Source: Lowry, Maynard, and Stegemerten, op. cit. 


rated lower than normal. Those conditions which affect the operation 
such as poor condition of tools or materials, would not be considered 
when applying the performance factor for working conditions^ Six gen¬ 
eral claves 7 of conditions have been enumerated with values f ™“ P “ 
6 per cent to minus 7 per cent. These “general-state conditions are listed 
as^ideal, excellent, good, average, fair, and poor. Table XV gives 
respective values for these different conditions. 




Conditions 


_!_0 06 . 

A 

Ideal 

_!_0 04 . 

B 

Excellent 

_|_0 02 . 

C 

Good 

o 00 . 

D 

Average 

0 03 . 

E 

Fair 

0.07. 

F 

Poor 


Source: Lowry, Maynard, and Stegemerten, op. cit. 


The last of the four factors that influence the performance rating is 
the consistency of the operator. Unless the snapback or 

unless the observer is able to make and record successive s ^ tractl " 
he goes along, the consistency of the operator must be evaluated as the 
study is being worked up. Elemental time values that repeat constantly 
w^uld, of course, have a perfect consistency. This situation occurs very 
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infrequently, as there always tends to be dispersion due to the many 
variables, such as material hardness, tool cutting edge, lubricant, skill 
and effort of operator, erroneous watch readings, and presence of foreign 
elements. Those elements that are mechanically controlled would, of 
course, have near perfect consistency values, but these elements are not 
rated. There are six classes of consistency: perfect, excellent, good, aver¬ 
age, fair, and poor. Perfect consistency has been given the value of plus 
4 per cent and poor consistency is rated minus 4 per cent, while the 
other categories fall in between these values. Table XVI summarizes 
these values. 


TABLE XVI 
Consistency 


+0.04. 

A 

Perfect 

+0.03. 

B 

Excellent 

+0.01. 

C 

Good 

0.00. 

D 

Average 

-0.02. 

E 

Fair 

-0.04. 

F 

Poor 


Source: Lowry, Maynard, and Stegemerten, op. cit. 


No fixed rule can be cited as to the universal application of the con¬ 
sistency table. Some operations that are of short duration and tend to be 
free of delicate positioning manipulations will give relatively consistent 
results from one cycle to the next. Thus, operations of this nature would 
have a more exacting requirement of average consistency than a job of 
long duration, demanding high skill in view of the positioning, engaging, 
and aligning elements. The determination of the justified range of varia¬ 
tion for a particular operation must be based to a large extent on the 
time study analyst’s knowledge of the work. 

The observer should be cautioned against the operator who consist¬ 
ently performs poorly in an effort to deceive the observer. This is easily 
accomplished by counting to oneself, thereby setting a pace that can be 
accurately followed. Operators who familiarize themselves with this per¬ 
formance rating procedure sometimes will perform at a pace that is con¬ 
sistent and yet is below the effort rating curve. In other words, they may 
be performing at a pace that is poorer than poor. In cases like this, the 
operator cannot be leveled. The study must be stopped and the situation 
brought to the attention of the operator or foreman, or both. 

Once the skill, effort, conditions, and consistency of the operation 
have been assigned, and their equivalent numerical values established, 
the performance factor is determined by algebraically combining the 
four values and adding their sum to unity. For example, if a given job is 
rated C2 on skill, Cl on effort, D on conditions, and E on consistency, 
the performance factor would be evolved as follows: 
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Skill.C2 +.03 

Effort.Cl +.05 

Conditions. .D +.00 

Consistency.E ~~02 


Algebraic Sum. +.06 

Performance Factor. 1-06 


The reader should again be cautioned that the performance factor is 
applied only to the effort or manually performed elements; all machine 
controlled elements are rated 1.00. 

The Westinghouse method of performance rating is adapted to the 
leveling of the entire study rather than elemental evaluation. This 
method would prove quite cumbersome if used to level each element 
as soon as it took place. In fact, the time study form itself does not pro¬ 
vide sufficient space to evaluate skill, effort, conditions, and consistency 
for each element of every cycle. 

Many companies have modified the Westinghouse system so as to in¬ 
clude only skill and effort factors entering into the determination of the 
rating factor. The contention is that consistency is very closely allied to 
skill, and conditions in most instances 'are rated average. If conditions 
would deviate substantially from normal, either the taking of the study 
could be postponed, or else, the effect of the unusual conditions could 
be taken into consideration in the application of the allowance (see 
Chapter 16). 

The Westinghouse Company itself in 1949 developed a new rating 
method which they termed their ‘performance rating plan” to distinguish 
it from the leveling procedure just discussed. The performance rating 
plan is being used in most of the newer Westinghouse plants. 

In developing the performance rating plan, in addition to using physi¬ 
cal attributes displayed by the operator, the company made an attempt 
to evaluate the relationship between the physical attributes and the basic 
divisions of work. The characteristics and attributes that the Westing¬ 
house performance rating technique considers are: 

1. Dexterity 

2. Effectiveness 

3. Physical Application 

These three major classifications do not in themselves carry any nu¬ 
merical weight, but have in turn been assigned attributes that do carry 
numerical weight. Table XVII gives the numerical values of the nine at¬ 
tributes that are evaluated under this system. 

The first major classification, dexterity, has been divided into three 
attributes; the first of which is: I. Displayed ability in use of equipment 
and tools and assembly of parts . 

When considering this attribute, the analyst is concerned primarily 
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with the “do” portion of the work cycle after the “get” operations (reach 
grasp, move) have taken place. 

The second attribute under dexterity is: 2. Certainty of movement. 

In evaluating this attribute, the analyst is concerned with the number 
and degree of hesitations, pauses, or roundabout moves. The basic 
divisions of accomplishment performed by the operator that will tend to 
give ^ low rating for this attribute are change direction, plan, and avoid¬ 
able delay. All of these affect certainty of movement. 

rhythm kSt attribut6 considered under dexterity is: 3. Co-ordination and 

This attribute is evidenced by the degree of the displayed perform¬ 
ance, by the smoothness of motions, and the freedom from spasmodic 
spurts and lags. r 

The second major classification, effectiveness, has been defined as ef- 
flcient orderly procedure. This classification has been divided into four 
individual attributes. The first of these is: 1. Displayed ability to replace 
continually and to retrieve tools and parts automatically and accurately 

Here the analyst evaluates the ability of the workman to repeatedly 
place tools, materials, and parts in specified locations and positions, and 
to retrieve them with automatism and accuracy by eliminating such 
meitective basic divisions of work as searching and selecting. 

The second of the individual attributes in effectiveness is: 2. Displayed 
ability to facilitate, eliminate, combine, or shorten motions. 

Here the analyst evaluates the proficiency of the basic divisions: posi¬ 
tion, preposition, release, and inspect. The transport therbligs are prede- 
termined usuafiy by the established method. However, a skilled workman 
wiil be able to eliminate or shorten the elements of preposition, position 
and inspect because of his manipulative ability. 

, P 1 ? thi , rd att r ibu te under effectiveness is: 3. Displayed ability to use 

ft tuZ f equal ease - Here the dc " rce of effective utilization 
ot both hands is rated. 


The fourth and last attribute under effectiveness is: 4. Displaued 
ability to confine efforts to necessary work. 

This attribute is used to rate the presence of unnecessary work that 
coidd not be removed when taking the study. It carries only a negative 
weight, for when the work is confined to the necessary work, no percent¬ 
age is added because this condition is expected. 

The third major classification, physical demand, is defined as demon- 
strated rate of performance and has two attributes. The first of these is- 
1. Work Face . 


Work pace is rated by the comparison of the speed of movement to 
preconceived standards for the particular type of work under considera- 

The second attribute for physical application is: 2. Attentiveness. 
Attentiveness is rated as the degree of displayed concentration. 
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Both of the Westinghouse rating techniques demand considerable 
training in order that the time study analysts recognize the different 
levels of each of the attributes. Their training entails a 30 hour course 
of which approximately 25 hours are spent rating films and discussing 
the attributes and the degree to which each is displayed. The procedure 
generally followed is: 

1. A film is shown and the operation explained. 

2. The film is reshown and rated. 

3. The individual ratings are compared and discussed. 

4. Film is reshown and attributes pointed out and explained. 

5. Step 4 repeated as often as necessary to reach understanding and ag ee- 

ment. 

TABLE XVII 


BEXT f ^splayed ability In use of equipment and tools, 
and assembly of parts. 

2. Certainty of movement. 

3. Co-ordination and rhythm. 

' FFE f I Mwlay.d ability to continually replace and retrieve 
l - “S 1 . part, ilth autcaticit, and accuracy. 

2 Displayed ability to facilitate, eli.in.te, combine, 
or shorten motions. 

3. Displayed ability to use both hands with equal ease. 

4. Displayed ability to confine efforts to necessary work. 

PHYSICAL APPLICATION: 

1. Work pace. 

2. Attentiveness, 


+ Above 

-— 

0 Expected 

i Below 


6 

3 

0 

2 

4 

6 

3 

0 

2 

4 


2 

0 

_2_ 







T1 

3 

0 


4 

6 

3 

0 

4 

8 

6 

3 

0 

4 

8 



0 

4 

8 






IT 

3 

0 

4 

8 


0 

2 

4 


Synthetic Rating 

In an effort to develop a method of rating that would not rely on he 
judgment of the time study observer and would give consistent resu s, 
R L. Morrow established a procedure known as synthetic leve mg. 

The synthetic leveling procedure determines a performance factor foi 
representative effort elements of the work cycle by comparing actua 
elemental observed times to times constructed through the medium of 
fundamental motion data (see Chapter 10). Thus, the performance fac- 
tor may be expressed algebraically as: 

Ft 


P = 


0 


4 Op. cit., p. 241. 
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P = Performance or leveling factor 
F t = Fundamental motion time 
0 = Observed mean elemental time for the 
same elements as used in Ft . 

The factor thus determined would then be applied to the remainder 
of the manually controlled elements comprising the study. Of course, 
machine controlled elements would not be rated, as is the case in all 
rating techniques. 

A typical illustration of the application of synthetic rating would be 
as follows: 


Element No. 

Observed Average 
Time in Minutes 

Element Type 

Fundamental Mo¬ 
tion Time in 
Minutes 

Performance 

Factor 

1. 

.08 

Manual 

.096 

123 

2. 

.15 

Manual 

123 

3. 

.05 

Manual 


123 

4. 

.22 

Manual 

.278 

123 

5. 

1.41 

Power Fed 

100 

6. 

.07 

Manual 


123 

7. : 

.11 

Manual 


123 

8. 

.38 

Power Fed 


100 

9. 

.14 

Manual 


123 

10. 

.06 

Manual 


123 

11. 

.20 

Manual 


123 

12. 

.06 

Manual 


123 




It will be noted that for element 1, 


and that for element 4, 


.096 

.08 


- 120 % 


p = 


.278 

.22 


= 126%. 


The mean of these would be 123 per cent, and this is the factor used for 
rating all of the effort elements. It can readily be seen that synthetic 
performance rating is a sampling technique. 

Actually, all experienced time study men unconsciously follow the 
synthetic rating procedure to some extent. The time study man s mind 
is full of benchmarks that have been established from past experience 
on similar work. Consequently, he knows that the normal performance 
of advancing the drill of a 17-inch single-spindle Delta drill is .03 minute, 
and of indexing the hex turret of a No. 4 Warner & Swasey turret lathe 
is .06 minute, and of blowing out a vise or fixture with an air hose and 
laying the finished part aside is .08 minute. These benchmarks and 
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many others, when compared to actual performance, certainly influence 
and even determine the rating factor given the operator. 

Perhaps one of the major objections to the application of the synthetic 
leveling procedure is the time required to construct a left- and right- 
hand chart of the elements selected for the establishment of basic mo¬ 
tion times. The reader may well consider the desirability of establishing 
a standard for the entire job synthetically. This would eliminate the 
laborious task of recording elemental times, making subtractions, de¬ 
termining the mean elapsed time, determining the normal time syntheti¬ 
cally for several elements so as to arrive at a performance factor, and 
applying the performance factor. In order to arrive at synthetic values 
rapidly and accurately, for aiding in the determination of the perform¬ 
ance factor, an alignment chart has been designed, which may be at¬ 
tached to the time study board (see Figure 13-7). The application of 
this tool by the analyst will be discussed later in this chapter. This tech¬ 
nique permits the analyst to utilize synthetic values as a guide toward the 
establishment of a true performance factor. 

Speed Rating 

Speed rating is a method of evaluating the performance in which con¬ 
sideration is given only to the rate of accomplishment of the work per 
unit time. In this method, the observer measures the effectiveness of the 
operator against the conception of a normal man doing the same work, 
and then assigns a percentage to indicate the ratio of observed perform¬ 
ance to normal performance. Particular emphasis is placed on the ob¬ 
server having complete knowledge of the job before taking the study. 
It is evident that the pace for machine work in a plant which produces 
aircraft engine parts would appear considerably slower to the novice 
than would the pace executed by machine workers who produce farm 
machinery components. The greater precision requirements of the air¬ 
craft work would require such care that the movements of the various 
operators would appear unduly slow to one who was not completely 
familiar with work being performed. 

In speed rating, 100 per cent is usually considered normal. Thus a 
rating of 110 per cent would indicate that the operator was performing 
at a speed 10 per cent greater than normal and a rating of 90 per cent 
would mean that he was performing 90 per cent of normal. Some con¬ 
cerns using the speed rating technique have chosen to call 60 standard 
or normal. This is based on the standard hour approach; that is, produc¬ 
ing 60 minutes of work every hour. On this basis, a rating of 80 would 
mean that the operator was working at a speed of 80/60 which equals 
133 per cent or 33 per cent above normal. A rating of 50 would indicate a 
speed of 50/60 or 83% per cent of normal or standard. 

Once the rating has been made, calculation of normal time is accom¬ 
plished from the basic equation: 
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where 


Tn = (P)(0) 


T n = Computed normal time 
P = Speed rating factor 
0 = Observed mean elemental time . 

In the speed rating method, the analyst first makes an appraisal of 
the performance to determine if it is above or below his conception of 
normal. He then executes a second judgment in an effort to place the per¬ 
formance in the precise position on the rating scale, which will correctly 
evaluate the numerical difference between standard and performance 
being demonstrated. 

A form of speed rating referred to as “pace rating” has received con¬ 
siderable attention from the basic steel industry. In effect, pace rating is 
speed rating. However, in an effort to identify completely a normal pace 
on different jobs, benchmarks have been provided on a broad range of 
work. Thus, such effort operations as shoveling sand, coremaking, brick 
handling, and walking have been clearly identified as to method and 
have been quantified as to normal rate of production. Once the time 
study analyst familiarizes himself with a series of benchmarks closely 
allied to the work that he is going to study, he will be much better 
equipped to evaluate the true speed being performed. 


Objective Rating 

The rating procedure known as “objective rating,” a method devel¬ 
oped by M. E. Mundel, 5 endeavors to eliminate the difficulty of establish¬ 
ing a normal speed criterion for every different type of work. In this 
procedure, a single work assignment is established to which all other jobs 
are compared as to pace. After the judgment of pace, a secondary factor 
is assigned to the job to take care of its relative difficulty. The factors 
that influence the difficulty adjustment are: (1) amount of body used, 
(2) foot pedals, (3) bimanualness, (4) eye-hand co-ordination, (5) han¬ 
dling or sensory requirements, and (6) weight handled or resistance en¬ 
countered. 

Numerical values, resulting from experiments, have been assigned for 
a range of degrees of each factor. The sum of the numerical values for 
each of the six factors comprises the secondary adjustment. By this 
method the normal time can be expressed as follows: 


Tn = (P*)mO) 

where 

T n = Computed established normal time 
P 2 = Pace rating factor 
S = Job difficulty adjustment factor 
0 = Observed mean elemental time . 


5 M, E. Mundel, Motion and Time Study (New York: Prentice-Hall, Inc., 1950). 
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This performance rating procedure will tend to give consistent results 
since the comparison of pace of the operation under study to an opera¬ 
tion that is completely familiar to the observer can more readily be 
achieved than judging simultaneously all the attributes of an operation 
to a concept of normal for that specific job. The secondary factor will not 
effect inconsistency since this factor merely adjusts the rated time by the 
application of a percentage. This percentage value used is taken from a 
table that gives values for the effect of various difficulties present in the 
operation being performed. 

OTHER TECHNIQUES 

In an effort to eliminate the performance rating step entirely in the 
calculation of the standard, some concerns select the operators to be 
studied and then consider the average observed time as the normal time. 
When this method is utilized, usually more than one operator is studied 
and enough cycles are observed so that a reliable average time (within 
plus or minus 5 per cent of the true average) is calculated. Of course, the 
success of this method is dependent on the selection of the employees 
who are to be studied and their performance during the study. If the 
performances of the operators being observed are slower than normal, 
then too liberal a standard will result; conversely, if the observed opera¬ 
tors produce at a pace more rapid than normal, then the standard will 
be unduly tight. There is always the possibility of having but one or 
two available operators and the chance that they may differ from normal. 
Then, in an effort to avoid delay in establishing a standard, the time 
study observer will make the study; the result will be a poor time stand¬ 
ard. 

As has been mentioned, some proponents of the Westinghouse system 
have considered the necessity of utilizing “conditions” and “consistency” 
as factors that influence the rating. The thought is that consistency is de¬ 
pendent on skill and to some degree effort, and that conditions in reality 
represent part of the method which should never be leveled. Thus, in the 
development of the performance factor, consideration need be given 
only to the skill and effort presented. Since the range of productivity of 
2.76 to 1, that is from minus 50 per cent to plus 38 per cent, as developed 
by the Westinghouse system, seems to be satisfactory for the majority of 
operations observed by the time study man, the factors of skill and effort 
would carry a broader range when used alone than when used in com¬ 
bination with conditions and consistency. 

One method that has been developed in which only two criteria are 
considered in the determination of the performance factor is the tech¬ 
nique introduced by Hummel. 6 Here the term “tempo” has been assigned 

6 J. O. P. Hummel, Staff Member, Operations Research Office, Johns Hopkins 
University. 
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as a synonym for effort, and the word “effectiveness,” as a term somewhat 
comparable to skill. 

These terms are defined as follows: (1) "tempo” is the relative jate ot 
performing work, or the speed of doing work; (2) “effectiveness” is the 
degree of co-ordination or the lack of false, unnecessary or nonproduc- 
tive movements. 

Tempo ratings are made in terms of percentage: 100 per cent is con- 
sidered as normal. Tempo ratings cover a range from .60 to 1.30 in incre- 

ments of .05. . 

Effectiveness is rated as either superior, excellent, good, average, tair, 

or poor; the values of each of these categories are: 


Superior.+.15 Average 

Excellent.+.10 Fair.. . . 

Good.+.05 Poor... 


These characteristics, which parallel the Westinghouse system, have 
been described as follows: 

Superior. Operator works with very nearly perfect smoothness of movement 
and a co-ordination making full use of hands, arms, and body. 

Excellent. Operator works with a high degree of smoothness of movement and 

co-ordination. , , , , , , . 

Good. Operator works reasonably smoothly. Unbalanced movements and hesi¬ 
tations are present occasionally but are not readily detected. 

Average. Operator does not noticeably have excess or unbalanced movements 

or hesitations. . _ . _ £ . 

Fair. There are occasional unbalanced movements indicating unsatisfactory 

co-ordination. Occasional hesitations. 

Poor. Movements of hands, feet or body are poorly co-ordinated. There are 
frequent hesitations. 

In determining the performance factor using the tempo and effective¬ 
ness method, the analyst multiplies the tempo assigned value by the ef¬ 
fectiveness value algebraically added to unity. For example, if a tempo 
value of 1.10 be assigned and an effectiveness rating of "good” be 
given, then the performance factor will be: 

P « (1.10) (1.05) = 1+55 

Thus, in this case, the operator would be performing 15.5 per cent 
faster than the time study analyst’s concept of normal. 

This leveling technique has a spread of .48 to 1.495, or is based on a 
range of productivity of 1 to 8.12. 

Analysis of Rating 

As is true of all procedures requiring the exercise of judgment, the 
simpler and more concise the plan, the easier it will be to use, and, in 
general, the more valid the results will be. 
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The performance rating plan that is the easiest to apply, the easiest to 
explain, and the one that tends to give the most valid results is straight 
speed or pace rating augmented with synthetic benchmarks. As has been 
explained, in this procedure, 100 is considered normal, and performance 
greater than normal is indicated by values directly proportional to 100. 
Thus, a rating of 120 would indicate that a performance of 20 per cent 
higher than normal was being exhibited. A rating of 60 would indicate 
that the operator was performing at a pace of only .60 of normal. The 
speed rating scale usually covers a range from .50 to 1.50. Operators per¬ 
forming outside this productivity range of 3 to 1 may be studied, but it is 
not recommended. The closer the performance is to normal, the better 
will be the chance of achieving the true normal time. 

The time study analyst using speed rating will have three considera¬ 
tions which when properly followed will allow him consistently to estab¬ 
lish values not more than 5 per cent above or below the true normal. 
These are: 

1. Experience in the class of work being performed. 

2. Synthetic benchmarks on at least two of the elements being performed. 

d. selection of an operator who has from past experience given perform¬ 
ances somewhere between 115 and 85 per cent of normal. 

Certainly, the most important of these three criteria is experience in 
the class of work being performed. This does not necessarily mean that 
the analyst must have at one time been an actual operator in the work 
being studied, although this would be desirable. He should be suffi¬ 
ciently familiar with the work from his past personal experience, either 
by observation or operation, that he understands every detail of the 
method being used. Thus, on a job being performed on a turret lathe, he 
should recognize the tooling, have knowledge of the correct speeds and 
feeds, the correct rake and clearance angles, lubricant, horsepower re¬ 
quirements, method of holding the work, and so on. On an assembly job 
taking place in a fixture, the time study man should be familiar with the 
difficulty in positioning the components in the fixture; he should know 
the class of fit between all mating parts and have a clear understand¬ 
ing of the relationship between time and class of fit. He should know the 
proper sequence of events and the weights of all parts being handled. 

It has often been said that experience is the key to accurate perform¬ 
ance rating, and this statement certainly is true. An analyst with ten 
years experience in the metal trades would find considerable difficulty 
in establishing standards in a woman’s shoe factory, and of course the 
reverse would be true: a time study man with years of experience in the 
fabrication of shoes would be unable to establish equitable standards in 
a machine shop until he had acquired some experience in the line of 
work being performed. 

There is a definite tendency for an experienced operator to maintain a 
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given level of performance from element to element during the course of 
the time study. In fact, in the majority of cases involving studies of a 
half-hour duration and less, the operator’s performance will not show 
much variation during the course of the entire study. If the time study 
analyst has available information that allows him to pre-establish syn¬ 
thetically the normal time required to perform several of the elements 
involved in the study, he has an indication of the over-all performance 
being executed. 

The alignment chart 7 shown on the time study board (see Figure 13-7) 
permits the analyst to establish synthetically the normal time for the ele¬ 
ments: “pick up pc. & position in fixture, jig, or die,” “pick up pc. & bring 
to work station,” “pick up pc. & lay aside.” Since very few work assign¬ 
ments can be performed without utilizing at least one of these elements, 
the time study analyst has at his disposal a useful guide for establishing a 
true performance factor. For example, if a 10-pound casting is picked up 
and placed in a 3-jaw chuck of a turret lathe and the element entailed a 
reach of 30 inches and a move of 20 inches and a class 4 grasp (see Chap¬ 
ter 10 on M.T.M.) and a P3SE position, the synthetic time could be de¬ 
termined graphically. By going from 20 inches on scale 1 vertically to 
10 pounds on scale 2 and then moving horizontally to scale 3, a time of 
.017 minute for the move and release is shown. This point connected to 
the G4 grasp of .005 minute (scale 4) gives a turning point on scale 5. 
This turning point on scale 5 connected with a reach of 30 inches on 
scale 6 gives a time of .04 minute for the reach, grasp, move, and re¬ 
lease. This point connected with a P3SE position entailing .025 minute 
on scale 8 gives the time to perform the complete element .065 minute 
on scale 9. 

It is not intended to infer that the synthetic value will establish a rat¬ 
ing that is to have application for every element of each cycle of the 
study. The analyst through his experience and training in performance 
rating will be able to evaluate the operator quite precisely; the alignment 
chart and resulting synthetic standards will provide an additional check 
and guide to the analyst, giving him more confidence in his ability to 
establish fair normal times. 

Whenever more than one operator is available to be studied, the one 
who is thoroughly experienced on the job, who has a reputation of being 
receptive to time study practice, and who consistently performs at a pace 
near standard or slightly better than standard should be selected. The 
closer the operator performs to a normal pace, the easier will he be to 
level. Sizable errors in judgment during rating are invariably a result of 
improper evaluation of an operator who is performing at either extremity 
of the rating scale. For example, if .50 minute is considered normal for 

7 The data used in the design of this alignment chart were developed in part by 
the author after analyzing over 600 feet of film. The remainder of the data used was 
taken from Methods-Time Measurement tables. 
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dealing a deck of cards into four bridge hands, it will be found that per¬ 
formance within plus or minus 15 per cent of this conception of normal 
will be fairly easy to identify. However, once the performance runs 50 
per cent faster or 50 per cent slower than normal, considerably more 
difficulty is encountered in establishing an accurate rating factor indica¬ 
tive of the rate of performance being demonstrated. 

Performance rating, like any other form of work involving judgment, 
must be accomplished by competent, well-trained individuals. If this 
caliber of person is doing the work, and if he is equipped with a back¬ 
ground of experience, has access to reliable synthetic time values, and 
uses sound judgment in operator selection, then reasonably accurate re¬ 
sults can be assured. 

Training for Rating 

To be successful, the time study man must develop a record for setting 
standards correctly so that they will be accepted by both labor and 
management. Furthermore, his rates must be consistent so that he will 
maintain the respect of all parties. In general, the time study analyst is 
expected to be able regularly to establish standards within plus or minus 
5 per cent of the true rate. Thus, if several operators are performing the 
same job and different time study men establish time standards on the 
job, each analyst studying a different operator, then the resulting stand¬ 
ard from each individual study should be within plus or minus 5 per 
cent of the mean of the group of studies. 

To assure consistency in rating, not only to keep agreement with 
former rates which he himself has established, but also to maintain ac¬ 
cordance with the other time study analysts in his plant, the time study 
man should continually participate in organized training programs. Of 
course, the training in performance rating should be more intense with 
the neophyte time study analyst. 

One of the most widely used methods for training in performance 
rating is the observation of moving-picture films illustrating diversified 
operations performed at different productivity levels. Each film has a 
known level of performance, and after it is shown on the screen, the 
true rating is compared with the values established independently by the 
various trainees. If any of the time study analysts’ values deviate sub¬ 
stantially from the correct value, then specific information is given so as 
to justify the rating. For example, the observer may have been misled 
because of high performance in the handling of the material to and from 
the work station, while poor performance prevailed during the cycle at 
the work station. Then, too, the analyst may have underrated the opera¬ 
tor because of his apparently effortless sequence of motions, whereas his 
smooth, rhythmic blending of movements is really an indication of high 
dexterity and manipulative ability. 

The operations selected should be simple, yet should contain a number 
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of fast motions. The observation of short elements cultivates both speed 
and concentration in the observer and trains the “second sight 

If a company feels that it can not afford to maintain a film library tor 
training in performance rating, it may make use of the many films avail¬ 
able on a rental basis for training purposes. The Pennsylvania State Uni¬ 
versity, the University of Iowa, and the Society for the Advancement of 



FIG 15-2 Chart showing record of five studies with analyst tending to rate a little high on 
studies 1,2, and 3 and aVle low on studies 4 and 5. Studies 1 and 2 were rated outs,de 
the 5 per cent criteria of accuracy. 

Management have rating films available that are quite helpful in train¬ 
ing the new analyst, as well as in maintaining accuracy in the piacticmg 

time study man. , . , . 

As successive films are shown, it is helpful for the analyst to plot his 

rating against the known values (see Figure 15-2). A straight line wou d 
indicate perfection, whereas high irregularities in both directions would 
indicate inconsistency as well as inability to evaluate performance. 

In the example shown, the analyst rated the first film 80, whereas the 
correct rating was 70. In the second case, he rated 85 while the proper 
performance was 80. In the third, fourth, and fifth cases, the analyst was 
within the plus or minus 5 per cent criterion of accuracy. 
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It is also helpful to plot successive ratings on the X axis and indicate 
the magnitude of deviation either positive or negative from the known 
normal on the Y axis (see Figure 15-3). The closer the time study man 
comes to the X axis with his rating, the more correct he will be. 

, J° da ^’ no known test s are available that can accurately evaluate the 
ability of a person to rate performance. Experience, however, has shown 
t at unless an analyst shows a tendency toward consistency and profi¬ 
ciency after a brief training in rating, he may never be able to do an 
acceptable job in rating. 


+ 10 


2 

2 +-5 


■10 


f \ 

/ * 

„ ( ' 

V \ 


APPROXIMATE AREA OF CORRECT RATING 
A 




\ * / 
» / v/ 


° 5 10 15 20 25 30 35 40 45 50 

TRIAL NUMBER 

FIG. 15-3. Record of an analyst’s rating factors on 15 studies. 

A survey made by one large manufacturer disclosed that the industrial 
engineering employee who was older in point of service did not level 
any more accurately than the newer man, that those in the higher work 
classifications did not level better than the lower men, that those in 

machining areas did no better than those in assembly areas and vice 
versa. 

Recently, a group of undergraduate engineers were given 15 minutes 
instruction in rating and then were requested to performance rate a film 
illustrating a series of heavy labor operations. 8 The students were given 
no orientation in the class of work, and the operations observed were 
substantially varied from the operations used in giving them a concept 
of proper performance. It was interesting to note that the students were 
extremely successful in adjusting the concepts learned on light opera¬ 
tions to those on heavy labor operations. 

In another instance, 34 undergraduate engineering students were 
asked t0 Performance rate five industrial films involving operations rang- 

ferencej Aprfffi&T ^ ^ AnnUa ' Ti ” e ^ and Methods C °- 
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ing from mold making to bench assembly. Four of these films were 
established as being representative of normal performance and one 
was rated as 1.15 or 15 per cent above normal. The results are shown in 
the accompanying table: 


Known Rating 

Number of Students in Each Rating Bracket 


85-90 

91-95 

96-100 

101-105 

106-110 

111-125 

1.15. 

0 

4 

Q 


12 

6 

9 

1.00. 

r: 


1.00. 

2 

Q 

iy 

2 

12 

8 

3 

1 

1.00. 

7 

5 

o 

( 

1 A 

5 

5 

1.00. 

1 

14: 

Ofi 

0 

0 



& 

■&0 

4 

1 

0 


It will be noted that the majority of the students did not deviate 
greatly from the known values. 

One division of the General Electric Company upon request checked 
the validity of the performance rating technique on three different occa¬ 
sions. 9 After brief training in their rating methods, the union steward 
and the foreman were requested to rate a given operation in conjunction 
with a time study analyst and the time study supervisor. At the comple¬ 
tion of the study, the time study man rated the study without advising 
the other three men as to the values he used, so that they would not be 
influenced by his opinion. These three men then went into their respec¬ 
tive offices so that they would not be influenced by each other’s opinions 
and independently and secretly rated the operation. The results were as 
follows: time study man 100; planning and wage payment supervisor 99- 
foreman 103; union steward 103. 

At a later date involving an entirely different class of work, a similar 
test case was undertaken. These results were: time study man 100; plan¬ 
ning and wage payment supervisor 99; foreman 103; union steward 103. 

On the thiid occasion an entirely new set of conditions prevailed and 
in this instance all four men rated identically—109! 

The foregoing studies bring out that (1) a conception of normal per¬ 
formance can be quickly taught, and (2) the concept of normal is trans¬ 
ferable to some degree to dissimilar operations. 

By actual observation of different work assignments throughout a 
plant under the guidance of the time study supervisor, it is possible to 
achieve ^excellent training in rating. The supervisor will explain in de¬ 
tail the why of his values after the trainees have already written their 
ratings independently. The independent values should be recorded to 
determine the consistency of the group and the necessity for additional, 
and perhaps more intensive, training. 

lt ha s been proven that companies that have extensive and well- 
Letter from A. E. Shaw, General Electric Co., Erie, Pennsylvania, 
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designed programs of training in rating have been successful in largely 
eliminating the tendency to overrate and underrate. 

TEXT QUESTIONS 

1. Why has industry been unable to develop a universal conception of nor¬ 
mal performance”? 

2. What factors enter into large variances in operator performance? 

3. What are the characteristics of a sound rating system? 

4. When should the performance rating procedure be accomplished? Why is 
this important? 

5. What governs the frequency of performance rating during a given study? 

6. Explain the Westinghouse system of leveling. 

7. How does the Westinghouse performance rating method differ from the 
leveling method? 

8. Under the Westinghouse rating system, why are “conditions evaluated. 

9. What is synthetic rating? 

10. What is the basis of speed rating and how does this method differ from 
the Westinghouse system? 

11. What is the purpose of the “secondary adjustment” in the objective rating 
technique? What factors are considered in the “secondary adjustment f 

12. What three criteria are fundamental for doing a good job m speed rating? 

13. Why is training in performance rating a continuous process? 

GENERAL QUESTIONS 

1. Would there be any objection to studying an operator who was perform¬ 
ing at an excessive pace? Why? 

2. In what ways can an operator give the impression of high effort and yet 
produce at a mediocre or poor degree of performance? 

3. If an operator strongly objected to his performance rating factor upon 
completion of the study, what would your next step be if you were the 
time study analyst? 
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Allowances 


the normal time sometimes referred to as “imT“ddT 

ional step must be performed in order to arrive at a true standard This 

la* aep s ,h« adcta, tale J.TZZZy iM 

=v~,f'S' "Ifp ' 1 °™ <■»«"« wliich «„L 

St < ,he “f 0 *" no, b * mad ' to 20 tS IS 

at a speed of 50 mdes per hour. An allowance to take care of Derive 

brTghron P b r y S trafflc needS ’ t” fatigUe ’ f ° r "^voidable stops 

resultin/rou Jb I., T g " a ” d stoplights, for possible detours and 
g gh roads, for car trouble, and so forth must be adder! Time 
we may estimate making the trip i„ 25 hours since we feel that 5 addT 
ional hours would be necessary to take care of all delays Similarlv 
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their allowances revealed the information shown in the accompanying 

^Miowances are frequently carelessly applied because they have not 

zrX :; ge « ™ ri s ;r.-i*. i•>>»- 


Allowance Factor 


No. of Firms Per Cent 


1. Fatigue. 

A. General. 

B. Rest periods.. 

Did not specify A or B 


2. Time required to learn. 


3. Unavoidable delay. 

A. Man. 

B. Machine.. 

C. Both, man and machine... 
Did not specify A, B, or C 


4. Personal needs. 


5. Setup or preparation operations. 


6. Irregular or unusual operatio ns.j _ 1 _.— 

„ .TOP Hummel "Motion and Time Study in Leading Amerioan Industrial Ea- 
ta&mente 9 (Ma?a m TUi S . Pennsylvania State Umversdy). 

surance and pensions.) Allowance must be determined as accurately and 

S,. p~ Me, ««, all .!.« ore ■»? P'«“» “ ““ b “‘“ 

put into the study up to this point will be comple ely nu hfied. 

P Allowances are applied to three categones <rf 1^ * at 

(1) allowances applicable to the total cycle ^T; < 2 lIlo ^ appli- 
need be considered on machine time only, and ( ) PP 

Ca Allowances t applicable to the whole cycle time are usually expressed 
as a pTrcentage P of the cycle time and include such delays as personal 
needs cleaning the work station, and oiling the machine. Machine 
time Allowances include time for tool maintenance and power variance 
while representative delays covered by effort allowance are fatigue an 

06 There arrtwfmcthods of developing standard allowance data that are 
frequently used. One is the production study which requires an observer 
to study two or perhaps three operations over a long period of tune. The 
observer Accords' the duration and reason for each idle interval (see Fig- 
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ure 16-1), and upon establishing a reasonably representative sample, 
summarizes his findings to determine the per cent allowance for each 
applicable characteristic. The data obtained in this fashion must be ad¬ 
justed to the level of normal performance as for any time study. 


LOST TIME ANALYSIS OF TIME STUDY 


Dwg. .. . .. Part Date 

Operation 

Symbol 

A. 

Personal 


B. 

Start work late 


C. 

Stop work earlv 


D. 

Talk with foreman or instructor 


E. 

Talk with other persons 


F. 

Search for tools 


C«. 

Search for drawings 


H. 

Rework fault of operator 


I. 

Rework fault of another operator 


J. 

Rework fault of machine or fixtures 


K. 

Idle-wait for crane {excess over allowed) 


L. 

Idle-wait for inspector (excess over allowed) 


M. 

Wait in line at tool crib (excess over allowed) 


N. 

Wait in line at dispatch office (excess over allowed) 


O. 

Wait in line at B/P station 


P. 

Tool maintenance 


Q. 

Oil machine 


R. 

Clean work station 


S. 

Circled readings (circled reading minus ave. for ele.) 


T. 

Miscellaneous minor delavs 


U. 

Lost time developing methods during study 


V. 



w. 



X. 



y. 



z. 





Total 

1. 

2. 

3. 

4. 

Gross over-all Mins. Hrs. 

Total lost " ” 

% lost time compared with net actual (2 -r 4) 

Net actual or productive Mins. 

___Hrs. 

5, 

Allowed time ” 



Note--Place lost time symbol alongside description of lost time on study and staple this card 
to study. 


FIG. 16—1. Lost time analysis chart. 

Since the observer must spend a long period of time in direct observa¬ 
tion of one or more operations, this method is exceptionally tedious, not 
only to the analyst but also to the operator or operators as well. It has 
further disadvantages in that there is a tendency to take too small a sam¬ 
ple, which may result in biased results. 

The second technique of establishing allowance percentage is through 
work sampling studies (see Chapter 20). This method involves the tak¬ 
ing of a large number of random observations, thus requiring only part- 
time, or at least intermittent, services of the observer. In this method, 
no stop watch is used, as the observer merely walks through the area 
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under study at unscheduled times and makes a brief notation as to what 
each operator is doing. 

The number of delays recorded divided by the total number of ob¬ 
servations during which the operator is engaged in productive work will 
tend to equal the allowance required by the operator to accommodate 
the normal delays encountered. 

In using work sampling studies for the determination of allowances, 
the observer must practice several precautionary measures. First, the ob¬ 
server must be careful that he does not anticipate his observations and 
that he records only the actual happenings. Then, a given study should 
not cover dissimilar work, but should be confined to similar operations on 
the same general type of equipment. The larger the number of observa¬ 
tions and the longer the period of time over which the data were taken, 
the more valid will be the results. Studies taken by R. L. Morrow indi¬ 
cate that fairly reliable results were obtained with 500 observations 
while 3,000 observations gave very accurate results. 1 Daily observations 
should be taken over a span of at least two weeks. 

Personal Delays 

Under the item of personal delays will come those cessations in work 
necessary for maintaining the general well-being of the employee. This 
will include periodic trips to the drinking fountain and the rest room. 
The general working conditions and class of work will influence the time 
necessary for personal delays. Thus, working conditions involving heavy 
work performed at high temperatures, such as that done in the press¬ 
room of a rubber-molding department or in a hot-forge shop, would re¬ 
quire greater allowance for personal needs than light work performed in 
moderate temperature areas. Detailed production checks have demon¬ 
strated that a 5 per cent allowance for personal time, or approximately 
24 minutes in 8 hours, is appropriate for typical shop working condi¬ 
tions. The amount of time needed for personal delays will, of course, 
vary to some extent with the person as well as the class of work. The 5 
per cent figure cited appears to be adequate for the majority of male 
and female workers. 

Fatigue 

Closely associated with allowance for personal needs is allowance for 
fatigue, although this allowance is usually applied only to the effort por¬ 
tions of the study. Fatigue allowances have not reached the state where 
their qualifications are based on sound, rational theories, and they prob¬ 
ably never will. Consequently, next to performance rating, the fatigue 
allowance is the least defensible and the most open to argument of all 
the factors making up a time standard. However, fair fatigue allowances 

1 R. L. Morrow, Time Study and Motion Economy (New York: Ronald Press Co., 
1946). 
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for different classes of work can be approximated by empirical means. 
Fatigue is not homogeneous in any respect; it ranges from strictly physi¬ 
cal to purely psychological and includes combinations of both the physi¬ 
cal and the psychological. It has a marked influence on some people, and 
apparently has little or no effect on others. 

Whether the fatigue that sets in is physical or mental, the results are 
similar: there is a lessening in the will to work. The major factors that 
affect fatigue are well known and have been clearly established. Some of 
these are: 

1. Working conditions: 

a) Light. 

b) Temperature. 

c) Humidity. 

d) Air freshness. 

e) Color of room and environment. 

f) Noise. 

2. Repetitiveness of work: 

a ) Monotony of similar body movements. 

b) Muscular tiredness due to stressing of some muscles. 

3. General health of the worker, physical and mental: 

a) Physical stature. 

b) Diet. 

c) Rest. 

d) Emotional stability. 

e) Home conditions. 

It is evident that fatigue can be reduced, but can never be eliminated. 
In general, heavy work is diminishing in industry because of the marked 
progress in mechanization of both material handling and processing ele¬ 
ments. As industry becomes more automated, there will be less muscular 
tiredness due to stressing of muscles. Thus, we have made real progress 
toward the decreasing of physical fatigue. The major problem of fatigue 
today is not physical but psychological, and industry through its scientific 
selection programs is substantially reducing this factor by putting the 
right people on the right jobs. A person who has an unfavorable reaction 
to monotony is not placed on a monotonous job. Since it is not customary 
to provide fatigue allowance for those general health factors that in¬ 
fluence the degree of fatigue that sets in, such conditions as emotional 
stability, rest, diet, and physical stature are usually considered in em¬ 
ployee selection. 

Because fatigue cannot be eliminated, proper allowance must be made 
for working conditions and repetitiveness of work that influence the de¬ 
gree to which it sets in. Experiments have shown that fatigue must be 
plotted as a curve, not as a straight line. Figure 16-2 illustrates a typical 
work curve showing the relationship between load in pounds and time 
for handling each load. Many industrial studies have shown a drop in 
production toward the end of the working period which is attributable 
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to fatigue alone. Usually, the rate of production tends to increase during 
the early part of the day and then falls off after the third hour. There is 
a short period of increased production after the lunch period, but this 
begins to taper off and output usually continues to decline for the balance 
of the working day. 



TIME PER UNIT LOAD 

Redrawn from Fatigue Allowances in Industry, Thesis by J. W. Siphron, 

The Pennsylvania State College. 

FIG. 16-2. Typical work curve. 

Perhaps the most widely used method of determining fatigue allow¬ 
ance is that of measuring the decline in production throughout the work- 
ing period. Thus, the production rate for every quarter of an hour may 
be measured during the course of the working day. Any decline of pro¬ 
duction that cannot be attributed to method change or personal or un¬ 
avoidable delays may be attributed to fatigue and expressed as a per¬ 
centage. It must be recognized, however, that many outside factors can 
influence the fatigue factor, such as state of health or outside interfer¬ 
ence. Thus, many studies should be made in order to obtain a reasonable 
sample before deciding upon the final fatigue allowance for a given 
facility. Eugene Brey 2 has expressed the coefficient of fatigue as follows: 


(T - t) 100 
T 


where 


F — Coefficient of fatigue 
T = Time required to perform operation at 
the end of continuous work 
t = Time required to perform operation at 
_ beginning of continuous work . 

2 Eugene E. Brey, "Fatigue Research in Its Relation to Time Study Practice 
Proceedings , Time Study Conference, Society of Industrial Engineers. 
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Many attempts have been made to measure fatigue, none of which 
has been completely successful. The tests of fatigue may be classified 
into three groups: (1) physical, (2) chemical, and (3) physio ogica . 

Physical tests include the various dynamometer tests of changes in the 
rate of working, such as the hand dynamometer, the mercury dynamome¬ 
ter the water dynamometer, and the Martin spring balance for register¬ 
ing force exerted by six different sets of large body muscles. 

Chemical tests include the various techniques for analysis of the blood 
and the body secretions, such as the saliva, so as to note changes resulting 

from fatigue. . 

The physiological tests of fatigue include pulse count, blood pressure, 
respiratory rate, oxygen consumption, and production of carbon dioxide. 
Table XVIII shows the rates of change in physiological reactions due to 

fatigue. , . 

In recent years, considerable attention has been directed to the physio¬ 
logical requirements of various work assignments. This branch of the 
scientific study of the worker and his environment is being recognized 
as “occupational physiology.” Here, the effort per unit of time plus the 
physiological recovery time is measured for the different work assign¬ 
ments wi thin a plant. As these studies progress, more quantitative data 
will inevitably result for estimating fatigue allowances. It is also expected 
that laws of physiological economy will result which will supplement and 
may even supersede some of the laws of motion economy. 


Table XVIII 


Factor 

Per Cent 
Decrease 

Per Cent 
Increase 


41.0 

28.0 

113.5 

77.0 

60.5 

43.0 

57.0 

6.0 

20.5 

12.0 




4* coin Dining puwtu . . • * 

A AVViifo Vdnnrl polls . 


< ♦ Xvt3U. DlUv/U. ociio ..* 

O. J3IOO& prt3obU.lt!, UltxotUiii-' . < • «. 

y. X5100Q picobUlt/j csjBiuiiu. • • *. 



Source: Moss and Roe. Physiological Reactions Due to Fatigue. 


In the development of equitable fatigue allowances, one of the fore¬ 
most problems of time study is to determine at which portion of the 
fatigue curve a time study was made, and then derive a fatigue allow¬ 
ance which can be used as a constant for work performed at the given 
work station in the future. 

For most industrial operations, fatigue allowances have been arbi¬ 
trarily broken into three elements, each of which has a spread of influ¬ 
ence on the total fatigue allowance. These are: operations involving 
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strenuous work operations involving repetitive work, and operations per¬ 
formed under disagreeable working conditions. Of course, it is possible 
for more than one of these conditions, in varying degrees, to apply in any 
specific operation. rr J 7 

By taking controlled production studies from an adequate sample of 
work it is possible to arrive at fatigue allowance values that will prove 
equitable for the various degrees of each of the above enumerated 
factors. The apparent adequacy of fatigue allowances determined by 
measuring the decline in production through all-day production studies 
IS due to the fact that the fatigue allowance for a given job is not a 
cntica 1 value but may be safely established within a rather broad range 
There are two ways of applying the fatigue allowance. It can be han¬ 
dled as a percentage which is added to the normal time, as has been ex¬ 
plained. In this method, the allowance is based on a percentage of the 
productive time only. As an alternative technique, fatigue allowance can 
be handled through the establishment of required periodic rest periods 
The former way is preferred because it allows the employee who is 
physically stronger to participate in greater earnings. If compulsory rest 
periods are used, the strong employee who is not as subject to fatigue as 
the average employee, will be restricted in his output. 

It should be recognized that rest periods will definitely reduce fa¬ 
tigue. If 10-minute rest periods are introduced in a plant, as they fre¬ 
quently are, the fatigue allowance that formerly prevailed should be 
proportionally modified. For example, if a bench assembly operation 
earned a fatigue allowance of 8 per cent and at some later date through 
negotiation, a 10-minute rest period was provided in the morning and 
another 10-minute rest period in the afternoon, the fatigue allowance on 
this class of work would be diminished 


_ 20 _ 

Normal Productive Time 

The normal daily productive time on this class of work may be 400 min¬ 
utes The fatigue allowance accounted for by the 20-minute rest period 
would then be 20/400 or 5 per cent. Thus future standards in this area 
will carry a fatigue allowance of 8 per cent minus 5 per cent, or 3 per cent. 

Unavoidable Delays 

This class of delays applies to effort elements and includes such items 
as interruptions from the foreman, dispatcher, time study analyst, and 
others; material irregularities; and difficulty in maintaining tolerances 
and specifications. 

As can be expected, every operator will have numerous interruptions 
during the course of the working day. These can be due to a wide range 
o reasons. The foreman or group leader may interrupt the operator to 
give him instructions or to clarify certain written information. Then the 
inspector may interrupt him to point out the reason for some defective 



ALLOWANCES ou/ 

work that passed through the operators work station. Interruptions fre¬ 
quently occur from planners, expeditors, fellow workers, production men, 
time study men, dispatchers, and others. 

Unavoidable delays are frequently a result of material irregularities. 
For example, the material may be in the wrong location or it may be 
running slightly too soft or too hard. Again, it may be too short or too 
long, or may have excessive stock on it, as in the case of forgings when 
the dies begin to wash out, or on castings due to incomplete removal of 
risers. When material deviates substantially from standard specifications, 
it may be necessary to restudy the job and establish allowed time for the 
extra elements introduced by the irregular material, as the customary un¬ 
avoidable delay allowance may prove to be inadequate. „ 

The heading ‘maintaining tolerances and specifications” would include 
time spent in resetting cutting tools, making trial cuts, rechecking work, 
and other minor delays resulting from difficulty in obtaining and main¬ 
taining quality and size. 

Avoidable Delays 

It is not customary to provide any allowance for avoidable delays 
which include visits with other operators for social reasons, uncalled-for 
work stoppages, and idleness other than rest to overcome fatigue. Of 
course, these delays may be taken by the operator at the expense of his 
output, but no allowance is provided for these cessations of work m the 
development of the standard. 

Extra Allowances 

In typical metal trade and related operations, the percentage allow¬ 
ance for personal, unavoidable, and fatigue delays usually approximates 
15 per cent. However, in certain cases, it may be necessary to provide an 
extra allowance in order to arrive at a standard that is fair. Thus, due to 
a substandard lot of raw material, it may be necessary to provide an 
extra allowance to take care of an unduly high generation of rejects 
caused by the poor material. Again, an operation may develop where, be¬ 
cause of breakage of a jib crane, the operator is obliged to place a 50- 
pound casting in the chuck of his machine. Therefore, an extra allow¬ 
ance must be provided to take care of the additional fatigue brought on 
by the manual handling of the work. 

Whenever practical, allowed time should be established for the addi¬ 
tional work of any operation by breaking it down into elements and then 
including these times in the specific operation. If this is not practical, 
then an extra allowance must be provided. 

Clean Work Station and Oil Machine 

The time required to clean and lubricate the operator s machine may 
be classified as an unavoidable delay. However, this time, when per¬ 
formed by the operator, is usually included as a total cycle time allow- 
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ance. The type and size of equipment, and the material being fabricated 
will have considerable effect on the time required to clean the work 
station and lubricate the equipment. When these elements are included as 
part of the responsibilities of the operator, applicable allowance must be 
provided. One concern has established the accompanying table of allow¬ 
ances to cover these items. 


Clean Machine Allowance Chart 


Item 

Per Cent 
Large 
Machine 

Per Cent 
Medium 
Machine 

Per Cent 
Small 
Machine 

1. Clean machine when lubricant is used . 

1 

% 

A 

i/ 

H 

A 

H 

K 

A 

2. Clean machine when lubricant is not used. 

3. Clean and put away large amount of tools or 

equipment. 

h 

14 

4 . Clean and put away small amount of tools or 
equipment. 

72 

1 / 

72 

1/ 

5. Shut machine down for cleaning (this percent¬ 
age for machines equipped with chip pans, 
which are stopped at intervals to permit sweeper 
to clean away large chips').... 

74 

1 

74 

3 7 


74 


Machine Classification 


Large Machine 

1. Turret lathe (20" ck or over) 

2. Boring mill (60" and over) 

3. Punch press (100T and over) 

4. Planer (over 48") 


Medium, Machine 

1. Turret lathe (10" to 20" ck) 

2. Boring mill (under 60") 

3. Punch press (40T to 100T) 


Oil Machine Allowance Chart 


Item 

Per Cent 
Large 
Machine 

Per Cent 
Medium 
Machine 

Per Cent 
Small 
Machine 

1. Machine oiled or greased by hand. . . . 

i H 

A 

1 

H 

A 

A 

2. Machine oiled automatically. . . 



Frequently, the elements of “clean work station” and “oil machine” are 
handled by giving the operator 10 or 15 minutes at the end of the day in 
which to perform this work. When this is done, the standards established 
of course would not include any allowance for cleaning and oiling the 
machine. 

Power Feed Machine Time Allowance 

The allowance required for power feed elements frequently will differ 
from that required for effort elements. Two factors are usually consid¬ 
ered in the application of allowances for power feed: these are power 
variance and tool maintenance. 

Allowances are made for variance in power for reduced speeds brought 
on by belt stoppage and for shutdowns because of minor repairs. In 
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case a major repair to the facility is needed, then an extra allowance 
would of necessity be provided. This extra allowance would not be ap¬ 
plied within the standard but would be an independent period of time 
covering the machine repair. 

Tool maintenance allowance provides time for the operator to main¬ 
tain his tools after the original setup. In the setup time the operator is 
expected to provide first-class tools properly ground. Generally, little tool 
maintenance takes place during the course of the average production 
run. Of course, in long runs, tools will have to be periodically sharpened. 
The percentage allowance for tool maintenance will vary directly with 
the number of perishable tools in the setup. For example, one manu¬ 
facturer s tool maintenance allowance table is as follows: 


Allowance for Tool Maintenance 


Per Cent 


1. One or more tools ground in tool crib.1 

2. One tool sharpened by operator.3 


3. Two or more tools cutting at one time sharpened by the operator. .. .6 

Application of Allowances 

The fundamental purpose of allowances is to add enough time to the 
normal production time to enable the average worker to meet the stand¬ 
ard when performing at a normal pace. It is customary to express the 
allowance as a multiplier so that the normal time, consisting of produc¬ 
tive work elements, can be adjusted readily to the time allowed. Thus, if 
a 15 per cent allowance were to be provided on a given operation, the 
multiplier would be 1.15. 

Care must be exercised when including the allowance with the time 
study standard. It must be remembered that allowance is based on a 
percentage of the daily production time and not on the over-all work 
day. For example, if a study revealed that in an 8-hour working day 
50 minutes of delay time are to be allowed during 400 minutes of normal 
production time, then the percentage allowance applicable would be 
50/400 or 12.5 per cent. 

Allowance is based on the normal production time, since it is this 
value that the percentage will be applied to on subsequent studies. 

Typical Allowance Values 

In an industrial survey comprising 42 different plants, the smallest 
average total allowance found to be in use was 10 per cent. This was 
used in a plant producing household electrical appliances. The greatest 
average allowance found to be in effect was 35 per cent being used in 
two different steel plants. The average allowance of all plants from 
which replies were received was 17.7 per cent. 

Typical allowances established in a certain plant for standard opera- 
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tions appear in Table XIX. These values may or may not apply in other 
plants. 

Summary 

In the establishment of time study allowance values, the same care 
that prevails in taking individual studies should be exercised throughout. 
It would be folly to divide a job carefully into elements, precisely meas¬ 
ure the duration of each element in one-hundredths of a minute, accu¬ 
rately evaluate the performance of the operator, and then arbitrarily 
assign an allowance that has been picked at random. Practices of this 
nature will lead to inaccurate standards, If the allowances are too high, 
obviously manufacturing costs will be unduly inflated, and if the allow¬ 
ances are too low, tight standards will result, which will cause poor labor 
relations and eventual failure of the system. 

TEXT QUESTIONS 

1. What three broad areas are allowances intended to cover? 

2. To what three categories of the time study are allowances provided? Give 
several examples of each. 

3. What are the two methods used in the development of allowance standard 
data? Briefly explain the application of each technique. 

4. Give several examples of personal delays. What percentage allowance 
seems adequate for personal delays under typical shop conditions? 

5. What are some of the major factors that affect fatigue? 

6. Under what groups have the tests of fatigue been classified? 

7. What operator interruptions would be covered by the unavoidable delay 
allowance? 

8. What percentage allowance is usually provided for avoidable delays? 

9. When are “extra allowances” provided? 

10. What fatigue allowance should be given to a job if it developed that it 
took 1.542 minutes to perform the operation at the end of continuous work 
and but 1.480 minutes at the beginning of continuous work? 

11. Why are allowances based on a percentage of the productive time? 

12. What is meant by “occupational physiology”? 

GENERAL QUESTIONS 

1. Do you feel that the operation or the operator determines the extent to 
which personal delay time is utilized? Why? 

2. Why is fatigue allowance frequently applied only to the effort areas of the 
work cycle? 

3. Should fatigue allowances vary with the different shifts for a given class 
of work? Why? 

4. What are the objections to determining fatigue allowances by measuring 
the decline of production that are not attributed to method changes or 
personal or unavoidable delays? 





CHAPTER 17 


The Standard Time 


I HE STANDARD TIME FOR A GIVEN 

operation is the time required for an average operator, fully qualified 
and trained and working at a normal pace, to perform the operation. It 
is determined by summarizing the allowed time for all of the individual 
elements comprising the time study. 

Elemental allowed times are determined by multiplying the mean 
elapsed elemental time by a conversion factor. Thus, we have the ex¬ 
pression: 


where: 


T a = ( M t )(C ), 


T a = the allowed elemental time 
M t = mean elapsed elemental time 
C = conversion factor found by multiplying 
performance rating factor by one plus the 
applicable allowance . 

For example, if the mean elemental time of element number one of a 
given time study was .14 minute and the performance factor was .90 
and an allowance of 18 per cent was applicable, the allowed elemental 
time would be: 


T a = (.14)(.90)(1.18) = (.14) (1.06) = .148. 

Allowed elemental times are rounded off to three places to the right 
of the decimal point. Thus, in the preceding example .1483 minute is re¬ 
corded as .148 minute. If the result was .1485 minute, then the recording 
would be .149 minute allowed time. 
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erations have relatively shor cy ( standards in terms of 

quently, it is usually more convemen stan{ j ar d 0 n a press opera- 
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pressed 
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where: 


E = per cent efficiency 
He = standard hours earned 
He = clock hours on the job . 


In another instance, 
minutes per piece. This 
dred pieces as follows: 


the standard time may 
would be converted into 


have resulted in 11.46 
decimal hours per hun- 


S h = 1.667&., 


where: 


S„ = standard expressed in hours per hundred pieces 

, A: — k "” 


thus: 


s h = (1.667)(11.465 
= 19.104 hrs./C . 


If an operator produced 53 pieces in a given working day, the standard 
hours produced would be: 


ff. = (.01)(P.)OSO , 


where: 


He = standard hours earned. 

P = actual production in pieces . , 

s h = Standard expressed in hours per hundred , 
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DESCRfPTION. 
MADE FROM 


PRODUCTION OPERATION CARD 


WG. NO. 

?0-30 extruded brass rod 



Routing 9-11 -12- -14-1 o. 


OPERATION 


Pierce 6 holes 
Rough ream and chamfer 
Drill 13/64” holes 
Machine stem and face 
Broach 6 holes 


- -----DATE 9- 

DEPT - MACHINE and special tools set-up 
=- - MINUTES 

9 d. & L. Air Saw ~ ~T~ 

15 mir 

11 *50 Ton Maxi F-1102 


Bliss 72 F-1103 
HCL. Tank 
Bliss 74 F-1104 


EACH PC. 
MINUTES 


Delta 17" D.P. F-U05 
AveyD.P. F-H06 


Bliss 74 1/2 

F-1109, F-1110, F-U12 



FIG. 17-1. Typical production 


operation card. 
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the volume is low, and establishes a liberal standard, he may find him¬ 
self m trouble in the event of an increase in the size of the order, or if a 
new order for the same part is received. 

. ^ erha P s ’ , the most satisfactory method of handling situations like this 
is through the issuance of temporary standards. By doing this the time 
study analyst will establish the standard giving consideration to the dif¬ 
ficulty of the work assignment and the number of pieces to be produced. 
The resulting standard will be considerably more liberal than if the job 
were being produced on a mass production basis. The standard, when 
released to the production floor, will be clearly marked as a “temporary” 
standard and will show the maximum quantity for which it applies. It is 
good practice to issue temporary standards on vouchers of a different 
color than that of permanent standard vouchers, so as to indicate clearly 
to all affected parties that the rate is temporary and is subject to restudy 

order ^ addltl0nal orders or increase in the volume of the present 

The analyst must be careful as to the number of temporary standards 
released since too many such standards can result in a lowering of the 
approved conception of normal. Also, the operators may strongly obiect 
to the changing of temporary standards to permanent standards, since 
the tighter permanent standard appears to them as a rate or wage cut¬ 
ting procedure. Only new work that is definitely foreign to the operator 
and that involves limited quantities of production should be considered 
as suitable for issuance of temporary standards. When temporary stand¬ 
ards are released, they should be in effect for the duration of the con¬ 
tract or for 60 days, whichever period is shorter. Upon their expiration 
they should be replaced with permanent standards. Several union con¬ 
tacts specifically state that temporary standards lasting longer than 60 
days must become permanent. 

Setup Standards 

Those elements of work commonly included in setup standards in¬ 
volve all events that take place from the time the previous job was com¬ 
pleted to the starting of the first piece of the present job. It is also cus¬ 
tomary to include in the setup standard, the “tear-down” or “put-awav” 
elements: these include all items of work involved from the completion 
of the last piece to the setting up of the next job. Typical elements ap¬ 
pearing m the setup standard would be: F 


1. Punching in on job. 

2. Getting tools from tool crib. 

3. Getting drawings from dispatcher. 

4. Setting up the machine. 

5. Punching out on the job. 

6. Removing tools from machine. 

7. Returning tools to crib. 
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In establishing setup times, the analyst uses the identical procedure 
followed in establishing standards for production. First, he should be as¬ 
sured that the best setup methods are in effect and that a standardized 
procedure has been adopted. Then the work is carefully broken down 
into elements, accurately timed, performance rated, and subjected to the 
appropriate allowance. The importance of valid setup times cannot be 
overemphasized, especially in the case of job shops where setup time 
represents a high proportion of the over-all time. 

The analyst must be especially alert when timing setup elements be¬ 
cause he will not have the opportunity to get a series of elemental values 
for determining the mean times. Also, he will not be able to observe the 
operator perform the elements in advance and, consequently,, will be 
obliged to break the setup down into elements while the study is taking 
place Of course, setup elements for the most part are long m duration, 
and the analyst will find that he has a reasonable amount of time to 
break the job down, record the time, and evaluate the performance as 
the operator proceeds from one work element to the next. 

There are two ways of handling setup times: first, they can be dis¬ 
tributed over a specific manufacturing quantity such as 1,000 pieces or 
10 000 pieces. This method is satisfactory only when the magnitude of 
the production order is standard. For example, industries that ship from 
stock and reorder on a basis of minimum-maximum inventories are able 
to control their production orders so as to conform to economical lot 
sizes. In cases like this, the setup time can equitably be prorated over 
the lot size. Suppose the economical lot size of a given item was 1,000 
pieces and reordering was always done on the basis of 1,000 units. In 
the event the standard setup time in a given operation was 1.50 hours 
then the allowed operation time could be increased by .15 hour per 100 
pieces in order to take care of the make-ready and put-away elements. 

This method would not be at all practical, if the size of the order were 
not controlled. In a plant that requisitions on a job-order basis, that is, 
releases production orders specifying quantities in accordance with cus- 
tomer requirements, it would be impossible to standardize on t e size o 
the work orders issued to the factory. Thus, this week an order may be 
issued for 100 pieces and next month an order for 5,000 units of the 
same part. In the example cited above, the operator would be allowed 
but .15 hour to set up his machine for the 100-unit order, which would 
be inadequate. On an order for 5,000 pieces, he would be given 7.50 
hours, which would be considerably too much tune. 

It is more practical to establish setup standards as separate allowed 
times. Then, regardless of the quantity of parts to be produced, a fair 
standard prevails. In some concerns, the setup is performed by a person 
other than the operator to do the job. The advantages of having sepa¬ 
rate setup men are quite obvious. Lower-skilled men can be utilized as 
operators when they do not have to set up their own facilities. Setups 
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are more readily standardized and methods changes can be more easily 
introduced when the responsibility for setup rests with but one individ¬ 
ual. Also, if sufficient facilities are available, continuous production per¬ 
formance can be achieved by having the next work assignment set up 
while the operator is working on his present job. 

If the setup standard were combined with the production standard, 
it would be quite difficult to evaluate both the performance of the setup 
man and the operator. Having production and setup standards separate 
permits incentive operation of both jobs, since true evaluation of the 
performance of both the operator and the setup man can be made. 

Partial Setups 

Frequently, it will not be necessary to set up completely a facility to 
perform a given operation, because some of the tools of the previous 
operation are required in the job that is being set up. For example, in 
hand screw machine or turret lathe setups, careful scheduling of similar 
work to the same machine will allow partial setups from one job to the 
next. Instead of having to change six tools in the hex turret, it may be 
necessary to change only two or three. 

Since the sequence of work that is scheduled to a given machine sel¬ 
dom remains the same, it is difficult to establish partial setup times to 
cover all the possible variations. The standard setup for a given No. 4 
Warner & Swasey turret lathe might be .80 hour. However, if this setup 
is performed after job X, it may take only .45 hour, and if it is performed 
after job Y, it would require .57 hour, while following job Z, .70 hour 
would be necessitated, and so on. The possible variations in partial setup 
time are so broad that the only practical way to establish their values 
is on the basis of standard data (see Chapter 18) for each job in ques¬ 
tion. 

Common practice is to allow the operator full setup time for, each job 
he performs. This is advantageous for several reasons: first, the operators 
will be considerably more satisfied because of higher earnings, and they 
will tend to plan their work to the best possible advantage. This will re¬ 
sult in more production per unit of time and lower total costs. Also, con¬ 
siderable time and paper work is saved by avoiding the determination 
of a standard for the partial setup operations and its application in all 
pertinent cases. In fact, this saving tends to approach the extra amount 
paid to the operator resulting from the difference in time required to 
make the complete setup and the partial setup. 

Maintenance of Standard Times 

Considerable emphasis has been given to the necessity of establishing 
time standards that are fair. This means both fair to the worket and fair 
to the management. Once fair standards have been introduced, it is 
equally important that they be maintained. 
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The standard time is directly dependent upon the method used during 
the course of the time study. Method, in the broad sense, refers not only 
to the tools and facilities being used, but also to such details as operator 
motion pattern, work station layout, material conditions, and working 
conditions. Since method controls the time standard, it is essential, if 
equitable standards are to be maintained, that method changes and altera¬ 
tions be controlled. If method changes are not controlled, it will only be 
a short time until inequities develop in standards established and much 
of the work spent on development of consistent time standards will be 
undone. 

Just as the financial records of a company are periodically subject to 
audit, so should all established time standards be checked at regular in¬ 
tervals to see if they are in line according to the method being used. The 
audit of time standards principally involves the investigation of the 
method currently being used by the operator. Frequently, minor changes 
will have been made by the operator, the foreman, or even the methods 
department, and no record of this change will have been given to the 
time study analyst. It is not uncommon for workers to conceal method 
changes for which they are responsible, so that they can increase their 
earnings or diminish their effort while achieving the same production. 
Of course, changes in method may develop which will increase the 
amount of time required to perform the task. These changes may be in¬ 
itiated by the foreman or inspector and may be of insufficient conse¬ 
quence, in his opinion, to adjust the standard. 

As has been pointed out throughout this text, it is important that the 
operation being time-studied be analyzed for possible method improve¬ 
ments prior to the establishment of the standard. Operation analysis, 
work simplification, motion study, and standardization of the method and 
conditions always precede work measurement. A standard does not get 
out of line if the method that was time-studied is maintained by the 
operator. If methods study has developed the ideal method, and if this 
method is standardized and followed by the operator, then there is less 
need for maintenance of time standards. 

Frequently, however, method changes will be introduced—both favor¬ 
able and unfavorable. If these changes are extensive, they will be brought 
to the attention of management. Tight standards will be brought to 
management’s attention by the operator. Standards that become very 
loose will be brought to management’s attention through the payroll de¬ 
partment where excessive earnings on the part of a given workman will 
be reported. However, it is the minor accruing method changes that fre¬ 
quently take place unnoticed and weaken the entire standard structure. 
In order to maintain standards properly, the time study department 
should periodically verify the method being used with the method that 
was studied when the standard was taken. This can readily be done by 
referring to the original time study where a complete description of the 
method employed was recorded. If this investigation reveals that the 
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method has been changed adversely, then the reasons for the change 
should be investigated so that the better method can be employed. If the 
method has been improved, then the investigation should determine 
who was responsible for the innovation. If the operator developed the 
improvement, he should be justly rewarded through a “suggestion plan” 
or other means. Regardless of where the methods change came from, 
those elements affected should be restudied and the current standard 
introduced. 

So as to first verify standards that may be out of line, the time study 
department will enlist the co-operation of the foreman. The foreman, 
being close to the operators coming under his jurisdiction, will at an early 
stage be aware of standards that may be either loose or tight. He will 
be able to advise the time study analyst as to the sequence in the audit 
of existing standards. 

Conclusion 

It is common practice to issue standards for setup operations inde¬ 
pendent of “piece” standards and to specify the allowed time in decimal 
hours or decimal minutes. Piece standards are expressed in hours per 
hundred pieces for ease in payroll computation, scheduling, and control. 
On extremely short-cycle operations, such as punch press work, die¬ 
casting, or forging, it may be more desirable to express standards in 
terms of hours per thousand pieces, since during the course of an eight- 
hour shift, several thousand pieces can be produced. 

Work should be scheduled when feasible to take advantage of partial 
setups in order to improve delivery dates, decrease total cost, and allow 
greater remuneration for the operator. Where short setup times prevail 
and where an extensive variety of small-volume orders are handled 
daily, no attempt should be made to evaluate partial setup times, but 
credit for full setup should be given the operators. Where setup times 
are relatively long, such as setting up a six-spindle automatic screw 
machine, and where production runs are substantial, then consideration 
should be given for evaluation of partial setup times. Credit for this time 
should be given to the operator rather than credit for the complete setup 
time. 

Time standards must be maintained in order to assure a satisfactory 
rate structure. This calls for a continuing analysis of methods. All stand¬ 
ards should be periodically checked to verify that methods being em¬ 
ployed are identical with those that were in use at the time the standard 
was established. 


TEXT QUESTIONS 

1. Define the term “standard time.” 

2. How is the conversion factor determined? 

3. Why is it usually more convenient to express standards in terms of time per 
hundred pieces than time per piece? 



320 


MOTION AND TIME STUDY 


4. For what reason are temporary standards established? 

5. Express the “standard of 5.761 minutes in terms of hours per hundred 
pieces. What would be the operator efficiency if 92 pieces were completed 
during a working day? What would be his efficiency if he set up his ma¬ 
chine (standard for setup = .45 hours) and produced 80 pieces during 
the 8-hour workday? 

6. What elements of work are included in the setup standard? 

7. What is the preferred method of handling setup time standards? 

8. How is the operator compensated on partial setups on hand screw ma¬ 
chines? 

9. Determine the conversion factor and the allowed time for a job whose 
average time was 5.24 minutes and carried a performance factor of 1.15 
and an allowance of 12 per cent. 

10. Explain why it is necessary that time standards be properly maintained. 

GENERAL QUESTIONS 

1. For what reasons might it be advantageous to express allowed times in 
minutes per piece? 

2. How can excessive use of temporary standards cause poor labor relations? 

3. How does a company effectively maintain standards and avoid the repu¬ 
tation of being a “rate-cutter”? 


CHAPTER 18 


Standard Data 


WTANDAKD TIME DATA FOR top 

most part are elemental time standards taken from time studies that 

f H be< ; n P roved t0 be satisfactory. These elemental standards are clas- 

as rl t t fi ed f S0 r at t ie , y Ca " readiIy be abstra cted when needed. Just 
as the housewife refers to her cook book to determine how many minutes 

to cream butter and sugar, how long to beat the mixture, and "thus how 
uch time is required to bake the cake, so can the analyst refer to stand¬ 
ard data and determine how long it should take the normal‘operator to 
pick up a small casting and place it in a jig, close the jig and lock the 
part with a quick-acting clamp, advance the spindle of lie drill press 
and perform the remainder of the elements required to produce th/part 

of Tv,I PPbC' 1 , ' 1 ° f standard ‘me data is fundamentally an extension 
of the same kind of process as that used to arrive at allowed times 
through the medium of stop-watch time study. The principle of standard 
data application certainly is not new; many years agoFrederick W 
Taylor proposed that each established elemental time be properly Z 

meV° f h “ ' f C °f l d 6aSi y be f ° Und and used in the establishment of 
tame standards for future work. When we speak of standard data today 

we refer to all die tabulated elemental standards, curves, alignment 
charts, and tables that are compiled to allow the measurement oh S pe- 

Balic°m 7 T neC f SSity ° f a timing deViC6 > Sucb as ‘be stop watch 
Basic motion times, as discussed in Chapter 10 of this text are nothing 

Sante^Th “ f ° rm ° f standard data - Upon completion of this 

chapter, the reader is urged to reread Chapter 10. 

Work standards calculated from standard data will be relatively con 

sistent in that the tabulated elements comprising the data are a reJult of 

many proven stop-watch time studies. Since the values are tabulated and 
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it is only necessary to accumulate the required elements in establishing 
a standard, the various time study men within a given company will ar¬ 
rive at identical standards of performance for a given method. The 
fore, consistency is assured for standards established by the different 
analysts within a plant as well as for the various standards computed by 

a given time study observer. ., 1 

Standards on new work can usually be computed more rap.dly hrcmgh 

standard data than by means of stop-watch time study. 1 ' ap £j the 

which standards are established by means of standard data allows the 
establishment of standards on indirect labor operations which frequency 
is impractical if done by stop-watch methods. The use of standard dat 
permits establishment of time standards over a wide range of u'ork 
Table XX illustrates the coverage that is possible when standard data 
elements are determined. 


TABLE XX 


Operation 


Number of Time 
Studies Taken for 
Development of 
Standard Data 


Number of Standards Per Cent of Standards 
Set in One Year Set That Would Be 

from Standard Covered £ y 

Data Developed Watch Studies- 


1 . 60 Y.OUU 

Coremakmg. ™ ’ 656 6 .1 

Snag grinding. ™ 422 12 .6 

Visual inspection.... o* 600 16.7 

Turret lathe operation... 1UU _______—— 

Source: Phil Carroll. Jr., “Notes on Standard Elemental Data,“ Modern Machine Shop. April, 1950. 
p. 176. 

Development of Standard Time Data 

In the development of standard time data, it is necessary to distin¬ 
guish constant elements from variable elements. A constant element ; * 
one for which the allowed time will remain approximately the same to 
any part within a specific range. A variable element is one for which the 
allowed time will vary within a specified range o wor . IIS > 
ment “start machine” would be a constant and the element drill /g-inch 
diameter hole” would vary with the depth of the hole and the feed and 

SP 'A^stLdTrd^data^developed, it should be indexed and filed. Setup 
elements should be kept separate from those elements incorporated m 
the each-piece time, and constant elements shoul o cours p 

separate From the triable elements. Typical standard data would be 

tabulated as follows: 


1. Machine or operation 

A. Setup 

1. Constants 

2. Variables 

B. Each piece 

1. Constants 

2. Variables 
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DIE-CASTING MACHINE 

Mach. No. 

Part No. -& Type-Operator-Date- 

No. of Parts Method of Placing Total Wt. of Flsh, 

Of -in Tote Pan-Parts in Tote Pan-Parts, Gate & Sprue- 

No. of Parts Liquid metal- 

-Per Shot—--Plastic metal . -.—Chill-Skim-Drain- 

Capacity in Lbs. Describe 

Holding Pot-Greasing-^ 


Describe 

Loosening of Part- 


Describe 

Location- 


ELEMENTS TIME 

Get metal in holding pot _ 

Chill metal _ 

Skim metal _ 

Get ladleful of metal __ 

Drain metal _ 

Pour ladle of metal in machine _ 

Trip press _ 

Press time _ 

Hold plunger down _ 

Press button and raise slug_ 

Remove slug drop slug lift _ 

Trip pedal to open dies _ 

Wait for dies to open _ 

Remove part from die - 

Place part in tote pan _ 


END POINTS 

All waiting time while metal is being poured 
in pot. 

From time operator starts adding cold metal 
to liquid metal pot until operator stops add¬ 
ing cold metal to liquid metal in pot. 

From time operator starts skimming until all 
scum has been removed. 

From time ladle starts to dip down into 
metal until ladleful of metal reaches edge of 
mach. or until ladle starts to tip for draining. 
From time ladle starts to tip for draining 
until ladleful reaches edge of machine. 

From time ladleful of metal reaches edge 
of mach. until foot starts to trip press. 
From time foot starts moving toward pedal 
until press starts downward. 

Complete turnover of press. 

From time plunger stops downward motion 
until plunger starts moving upward. 

From time plunger stops moving until slug 
is raised out of cavity. 

From time slug is raised out of cavity until 
slug is pushed into tote pan or pot. 

From time foot starts moving to pedal until 
dies start to open. 

From time dies start to open until die stops 
moving. 

From time die stops moving until part is free 
of die cavity. 

From time part is free of die cavity until 
part is placed in tote pan. 


FIG. 18-1. 
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Standard data are compiled from the different elements that have oc¬ 
curred on the time studies that have been taken on a given process over 
a period of time. Only those studies that have proven to be valid through 
use are employed. The analyst should be careful in the tabulation of 
standard data to define clearly end points. Otherwise, there may be an 
overlapping of time in the recorded data. For example, in the element 
“out stock to stop” done on a bar feed No. 3 Warner & Swasey turret 
lathe, the element could include reaching for the feed lever, grasping 
the lever, feeding of the bar stock through the collet to a stock stop lo¬ 
cated in the hex turret, closing the collet, and reaching for the turret 
handle. Then, again, this element may involve only the feeding of bar 
stock through the collet to a stock stop. Since standard data elements are 
compiled from a great number of studies taken by different time study 
men, care must be exercised in defining limits or end points of each ele¬ 
ment. Figure 18-1 illustrates a form used to summarize data taken from 
an individual time study for the purpose of developing standard data 
on die-casting machines. 

In order to fill a specific need in a standard data tabulation, the ana¬ 
lyst may resort to work measurement of the particular element in ques¬ 
tion. This is handled quite accurately by using the “fast” watch (see 
Chapter 13) which records elapsed times in .001 of a minute. In this type 
of analysis, the snapback method is used in recording the elapsed ele¬ 
mental time, as usually we are interested in determining allowed time 
for only a few of the elements comprising the study. Upon completion 
of the observations, the elemental elapsed times are summarized and the 
mean determined, as in the case of a typical time study. The average 
values are then performance rated and an allowance is added so as to 
arrive at true allowed times. 

Sometimes, because of the brevity of individual elements, it is impos¬ 
sible to measure their duration separately. It is possible to determine 
their individual values by timing groups collectively and using simul¬ 
taneous equations to solve for the individual elements. 

For example, element a might be “pick up small casting,” element 
b might be “place in leaf jig,” c might be “close cover of jig,” d would 
be “position jig,” e “advance spindle,” and so on. These elements could 
be timed in groups as follows: 

1. a + b + c equals Element No. 1 equals .070 min. = A 

2. b + c + d equals Element No. 3 equals .067 min. — B 

3. c + d + e equals Element No. 5 equals .073 min. = C 

4. d + e + a equals Element No. 2 equals .061 min. = D 

5. e + a + b equals Element No. 4 equals .068 min. = E 

By adding these five equations: 


3 cl T 36 T 3c -f- 3d T3e — 
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and 


A+B+C+D+E=T 
Sa + 36 + 3c + 3d + 3e = T = .339 min. 


therefore: 


a + 6-j-c + d + e 


,339 

3~ 


.133 min. 


and then: 


A + d 4- e = .113 min. 


de = .113 min. - .07 min. = .043 min. 


since 


Likewise: 


c 4- d + e — .073 min. 
c — .073 min. — .043 = .03 min. 


and 


d T e -{- a = .061 


a — .061 — .043 = .018 min. 
Substituting in equation 1 

b = .070 - (.03 + .018) = .022 
Substituting in equation 2 

d — .067 — (.022 -f- .03) = .015 min. 
Substituting in equation 3 


e — .073 — (.015 + .03) = .028 min. 

In the determination of standard data elements by using simultaneous 
equations, extreme care must be exercised to be consistent when read- 
ing the watch at the terminal points of the established elements. Incon¬ 
sistency in establishing terminal points will result in erroneous standard 
data elements. 

Calculation of Cutting Times 

Through knowledge of feeds and speeds for different types of mate¬ 
rial, it is a relatively easy matter for the analyst to calculate and tabulate 
the cutting times for different machining operations. Table XXI tabular- 
izes recommended speeds and feeds for high-speed drills used on various 
kinds of material. This type of information is available in the various tech¬ 
nical handbooks and can readily be obtained from the cutting tool manu¬ 
facturers. 
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TABLE XXI 


A. Recommended Drilling Speeds for Various Materials 
with High-Speed Steel Drills 


Material 

Aluminum and its alloys. 

Bakelite. 

Brass and bronze, soft. 

Bronze, high tensile. 

Cast iron, soft. 

Cast iron, hard. 

Magnesium and its alloys. 

Malleable iron. 

Nickel and monel metal. 

Slate, marble, and stone. 

Steel, forgings. 

Steel, manganese (15% Mn) . 

Steel, soft. 

Steel, stainless. 

Steel, tool. 

Wrought iron. 

Wood. 

Note: Carbon Steel Drills should be run 
recommended for High Speed Steel. 


Recommended Speed 
Surface Feet per Minute 

.200-300 

.100-150 

.200-300 

.70-100 

.100-150 

.70-100 

.250-400 

.80-90 

.40-60 

.15-25 

.50-60 

.15-25 

.80-110 

.30-40 

.50-60 

.50-60 

.300-400 

at speeds approximately 40% to 50% of those 


B. Recommended Feeds for Various Diameter Drills 


Diameter of Drill—Inches 
Under Y% 

VstoK 
M to H 
H to l 

1 in, and over 


Feed 

Inches per Revolution 
.001 to .002 
.002 to .004 
.004 to .007 
.007 to .015 
.015 to .025 


Note: It is best to start with a moderate speed and feed, increasing either 
one, or both, after observing the action and condition of the drill. 

Source: National Twist Drill & Tool Co. 


Drill Press Work 

A drill, according to the Tool Engineers Handbook, is a fluted end¬ 
cutting tool used to originate or enlarge a hole in solid material. In 
drilling operations on a flat surface, the axis of drill is at 90 degrees to 
the surface being drilled. When a hole is drilled completely through a 
part, the lead of the drill must be added to the length of the hole in order 
to determine the entire distance the drill must travel to make the hole. 
When a blind hole is drilled, the analyst does not add the lead of the drill 
to the hole depth, as the distance from the surface being drilled to the 
furthest penetration of the drill is the distance the drill must travel to 
make the required depth of hole (see Figure 18-2). 

Since the commercial standard for the included angle of drill points 
is 118 degrees, the lead of the drill may readily be found through the 
expression: 
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l = lead of drill 
r = radius of drill 

tan A = tangent of the included angle of the drill. 

To illustrate, let us calculate the lead of a general purpose drill 1 inch 
in diameter: 


tan 59° 


1.6643 

l = .3 inches lead 




FIG. 18-2. Distance L indicates distance drill must travel when drilling through 
(illustration at left) and when drilling blind holes (illustration at right). Lead of 
drill is shown by distance 1. 


Once the total length that the drill must move has been determined, 
then the feed of the drill in inches per minute is divided into this dis¬ 
tance in order to determine the drill cutting time in minutes. 

Drill speed is usually expressed in terms of feet per minute, and feed 
is expressed in thousandths of an inch per revolution. To change the feed 
into inches per minute when the feed per revolution and the speed in 
feet per minute are known, substitute in the equation: 

_3.82 (f)(S f ) 

Ji m — - - 

a 

where 

F m = feed in inches per minute 
/ = feed in inches per revolution 
Sf = surface feet per minute 
d = diameter of drill in inches . 
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For example, to determine the feed in inches per minute of a 1-inch 
diameter drill running at a surface speed of 100 feet per minute and a 
feed of .013 inch per revolution, we should figure 

w (3.82)(.013)(100) , v 

Pm — ---= 4.97 inches per minute . 

If we wished to determine how long it would take for this 1-inch 
drill running at the above-mentioned speed and feed to drill through 2 
inches of a malleable iron casting, we should substitute in the equation: 



where 

T = cutting time in minutes 
L = total length drill must move 
F m = feed in inches per minute 

and we should have 

2 (thickness of casting) + .3 (lead of drill) 

— 

= .464 minutes cutting time. 

The cutting time so calculated does not include any allowance, which 
of course must be added to determine the allowed time. The allowance 
will include time for variations in material thickness and tolerance in the 
setting of stops, both of which affect the cycle cutting time to some ex¬ 
tent. Also personal and unavoidable delay allowance must be added in 
order to arrive at an equitable allowed elemental time. 

It must be remembered that all speeds are not available on the ma¬ 
chine being used. For example the recommended spindle speed for a 
given job might be 1,550 R.P.M.; however, the fastest speed that the 
machine is capable of running may be 1,200 R.P.M. In this case 1,200 
R.P.M. would be used and would be the basis of computing allowed 
times. 

Lathe Work 

There are many variations of machine tools that can be classified in 
the lathe group. These would include the engine lathe, turret lathe, 
automatic lathe (automatic screw machine), and others. In all of these 
cases, the machine is used primarily with stationary tools or tools that 
translate over the surface to remove material from the revolving work, 
which may be in the form of forgings, castings, or bar stock. In some 
cases, the tool is revolved while the work is held stationary as on certain 
stations of automatic screw machine work. Thus, a slot in a machine 
screw head can be machined on the automatic screw machine in the 
slotting attachment. 
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Speeds and feeds are altered by many factors, such as condition and 
design of the machine tool, type of material being cut, condition and de 
Sign of the cutting tool, coolant used for cutting, method of holding the 
work, and the method of mounting the cutting tool. Table XXII outlines 

StZ“ CUtS> feedS ’ ^ Spe6dS f ° r Certai “ ”*** a * d non_ 

As in drill press work, feeds are usually expressed in terms of thou 
minuted “ ” ^ revoIution and s P eeds m terms of surface feet per 

In order to determine the cutting time for L inches of cut, it is merely 
necessary to divide the length of cut in inches by the feed in inches per 
minute or expressed algebraically: ^ 


L_ 

Fm 


where 


and 


T = cutting time in minutes 
L — total length of cut 
F m — feed in inches per minute 


where 


F _ 3.82 
m d 


/ = feed in inches per revolution 
S f = speed in surface feet per minute 
d = diameter of work in inches . 

Milling Machine Work 

Milling refers to the removal of material with a rotating multirile 

thuf e th CUW< n ; Whik i Ae °T eT r ° tateS ’ the WOrk is fed P^the cutter- 
thus the milling machine differs from the drill press where the work 

forest! 8 Sta , t , 1 ° nary ' addition t0 machining plane and irregular sur- 

cuttog g e ea“s 8 “ a fae i$ adapt6d f ° r CUttin S threads > sI °tting, and 

In milling work as in drill press and lathe work, the speed of the cutter 
is expressed m surface feet per minute. Feeds or table travel are usu^ 
represented in terms of thousandths of inch per tooth } 

In order to determine the cutter speed in revolutions per minute from 

pression may "eTed! ^ ^ ° f ^ ^ the folIowin § 


N, 


where 


_ 3.82 S f 
d 
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N r = cutter speed in revolutions per minute 
Sf = cutter speed in feet per minute 
d = outside diameter of cutter in inches . 

To determine the feed of the work in inches per minute into the cut¬ 
ter, use the expression 

F m = fn t N r 

where 

F m = feed of the work in inches per minute into the cutter 
/ = feed in inches per tooth of cutter 
n t = number of cutter teeth 
N r — cutter speed in revolutions per minute . 

The number of cutter teeth suitable for a particular application may 
be expressed as: 

F m 

~ F, X Nr 

where 

Ft — chip thickness . 

Table XXIII gives suggested feeds and speeds for milling under average 
conditions. 

In computing cutting time on milling operations, the analyst must take 
into consideration the lead of the milling cutter when determining the 
total length of cut under power feed. This can be determined by trian¬ 
gulation as illustrated in the example of slab-milling a pad shown in 
Figure 18-3. 

In this case, the lead BC must be added to the length of the work 
(8 inches) in order to arrive at the total length that must be fed past the 
cutter. Clearance for removal of the work after the machining cut will, 
of course, be handled as a separate element because greater feed under 
rapid table traverse will be used. By knowing the diameter of the 
cutter, the analyst determines AC as being the cutter radius, and calcu¬ 
lates the height of the right triangle ABC by subtracting the depth of 
cut BE from the cutter radius AE : 

BC = VAC 2 - AB 2 . 

Let us assume, in the example above, that the cutter diameter is 4 
inches, and that it has 22 teeth. The feed per tooth is .008 inch and cut¬ 
ting speed is 60 feet per minute. The cutting time is computed by using 
the equation 
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then 


AT = 3^ _ (3.82) (60) _ 

r d 4 = 57 ^ revolutions per minute 

Fm — (.008) (22) (57.3) = 10.1 inches per minutes 



T - 8 ' 975 on • 

1 — .888 minutes cutting time 


10.1 


r1 P) I hr0l,gh ^ knowIed f e of feeds and speeds, the time study analyst can 

workThat H IT”? M time v-xL, ^es of 

press hthe W ani e “ his P lant The illustrations cited to drill 

to esiahS “ g work are representative of the techniques used 

estabhshm g ra w cutting times. To these values must be added the 

1 T.7e,™!“d “ ” d '“"“ 


Determining Horsepower Requirements 

. J 6 " < * e r eI °P in g standard data times for machine elements, it is ad- 

rela? 6 £ horse P«wer requirements for the various materials in 

relationship to depths of cut, cutting speeds, and feeds. The analyst 
will frequently use standard data for the planning of new work. So that 
he does not overload existing equipment, it is important that he have 
information as to the work load being assigned to each machine for the 


* 
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conditions under which the material is being removed. For example in 
the machining of high alloy steel forgings on a kthe caixable of a de- 
veloped horsepower of 10, it would not be feasible to take a / 8 -inc 
depth of cut while operating at a feed of .011 inch per revolution and a 
speed of 200 surface feet per minute. Table XXIV indicates a horse- 

TABLE XXIV 

Horsepower Requirements for Turning High-Alloy Steel Forgings for 
%" and Yt Depth of Cuts of Varying Speeds and Feeds 



%" Depth Cut 

Surface 

Feeds, In. /Rev. 

Feet 

.009 

.011 

.015 

.018 

.020 

.022 

150 . 

6.5 

8.0 

10.9 

13.0 

14.5 

16.0 

175 . 

8.0 

9.3 

12.7 

15.2 

16.9 

18.6 

200 . 

8.7 

10.6 

14.5 

17.4 

19.3 

21.3 

225 . 

9.8 

11.9 

16.3 

19.6 

21.7 

23.9 

250 . 

10.9 

13.2 

18.1 

21.8 

24.1 

26.6 

275. 

12.0 

14.6 

19.9 

23.9 

26.5 

29.3 

300 . 

13.0 

16.0 

21.8 

26.1 

29.0 

31.9 

400. 

17.4 

21.4 

29.1 

34.8 

38.7 

42.5 


Depth Cut 


Feeds, In. /Rev. 


.009 .011 


8.7 

10.1 

11.6 

13.0 

14.5 

15.9 

17.4 

23.2 


10.6 

12.4 

14.1 
15.9 
17.7 

19.4 

21.2 
28.2 


.015 .018 


14.5 
16.9 
19.3 

21.7 
24.1 

26.5 
29.0 

38.7 


17.3 
20.2 

23.1 

26.1 
29.0 
31.8 
34.7 

46.3 


.020 


19.3 

22.5 
25.7 
28.9 
32.1 

35.3 

38.6 
51.5 


.022 

21.3 

24.8 

28.4 

31.8 

35.4 
39.0 

42.5 
56.7 


power requirement of 10.6 for these conditions. Consequently the work 
would need to be planned for a feed of .009 inch at a speed of 200 surface 
feet, since in this case the required horsepower would be but 8.7. (bee 
Table XXIV for horsepower requirements.) 

Plotting Curves 

Because of space limitations, it is not always convenient to tabularize 
values for variable elements. By plotting a curve or system of curves in 
the form of an alignment chart, the analyst can express considerable 
standard data graphically on one page. There are, however, some distinct 
disadvantages to using curves. First, it is easy to introduce an error m 
reading from the curve because of a certain amount of interpolation 
that is usually required. Then, there is always the chance of outright 
error through incorrect reading or misalignment of intersections on the 

various scales. , . 

When we refer to the plotting of curves to show the relationship be¬ 
tween time and those variables that affect time, our solution may take 
the form of a single straight line, a curved lme, a system of straight 
lines as in the ray chart, or a special arrangement of lines characteristic 
of an alignment chart or nomogram. In the plotting of simple, one-line 
curves the analyst should observe certain standard procedures. First, it is 
standard practice to plot time on the ordinate axis of the charting paper 
and the independent variable on the abscissa. If practical, all scales 
should begin at zero so that their true proportions can be seen. Lastly, 
the scale selected for the independent variable should have a sufficient 
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FIG. 18-4. 


ninge to utilize fully the paper on which the curve is being plotted 
Figure 18-4 illustrates a chart expressing “forming” time in hours per 
undred pieces for a certain gage of stock over a range of sizes expressed 
m square inches. r 

Each point in this chart represents a separate time study. Thus, 12 
time studies were used in compiling data for this curve. Inspection of 
the plotted points revealed a straight-line relationship between the var- 
ious studies. The equation for a straight line is: 

Y — mx + b 

(Equation of straight-line frequently expressed as: Y = a + bx) 
where 


Y — ordinate (hours per hundred pieces) 
x — abscissa (area of piece in square inches) 
m = slope of the straight line, or the proportional change of 
time on F axis for each unit change on the X axis 
b — inteicept of the straight line with the F axis when x = 0 

The curve drawn by inspection shows an intercept value of .088 on the 
Y (ordinate) axis and the slope can be calculated by the equation: 


m 


V . 1 . w here X\yi and x 2 y 2 are specific points on the curve 
Xi — x 2 


.182 - .144 
250 - 150 


.00038 . 
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The Least Squares Method 

It is also possible to solve for m and b using the method of least 
squares. In this technique, the resulting slope and y axis intercept will 
give a straight line whose sum of squares of vertical deviations of observa 
tions from this line is smaller than the corresponding sum of squares of 

" 7 ° ,l,r “■*' *" 

Equation 1: 2y = Nb + mXx 
Equation 2: Xxy = bZx -f mZx 2 . 

tex? 6 deriVati ° ns ° f these e q ua Hons are available in most mathematical 

meld e as X foTows dted ’““ S ° 1V6 ** ” and 6 Usin g the Ieast 


Study 

x or Area 

V or Time 

xy 

X s 

1. 

ok 

.104 

.109 

.126 

.134 

.138 

.150 

.153 

.174 

.176 

.182 

.186 

.202 

2.60 

---- 

2. 


625 

3. 

77 

112 

135 

147 

7.09 

4,225 

4. 

9.70 

5,929 

5. 

15.01 

12,544 

18,225 

6. 

18.63 

7. 

185 

220 

OAK 

22.05 

21,609 

8. 

28.31 

34,225 

9. 

38.28 

! 48,400 

10. 

275 

287 

Qnn 

43.12 

60,025 

11. 

50.05 

75,625 

12. 

53.38 

82,369 



ouu 

60.60 

90,000 



2073 

1.834 

348.82 

453,801 


Substituting in Equation 1 and 2: 


Equation 1: 126 = 1.834 - 2073m 
Equation 2: 2,0736 = 348.82 - 453,801m 
multiplying equation 1 by 2,073 and equation 2 by 12: 

24,8766 = 3,801.882 - 4,297,329m 
24,8766 = 4,185.840 - 5,445,612m 

0 = -383.958 -f l,148,~283m 
or 


and substituting 


m 


383.958 

1,148,283 


= .000334 


m equation 1: 




i. 1-142 

b = ~TT =- 095 - 


These equations are frequently expressed: 


' + b2x and 2xy = d%x + b2x 2 . 















338 


MOTION AND TIME STUDY 


Solving by Regression Line Equations 

As shown, the least squares method calls for solving simultaneous 
equations. These equations can get unwieldy. By solving these equations 
£ the slope rn and the y intercept b, direct substitution can be em¬ 
ployed. Identical totals, as in the least squares solutions are used which 

include: 

nx, zx 2 , ny, %y\ wy > 

and N, the number of data. The regression line equation to solve for the 
constant b is: 

_ ga?)(2fo) ~ (Ss)CSsy) 


and the slope m is computed as follows 


m 


__ (N)&xy) - CSa:)(Sy) 


~{N)(2x>) - (Sx) 2 “ ' 

Solving for b and m in the foregoing example we get: 

(453,801)(1.834) - (2,073)(348.82) 
b = (12)(453,801) - (2,073) 2 

109,168 


1,148,283 


= .095 


and 


(12) (348.82) 
m =-- 


(2,073) (1.834) 


(12) (453,801) - (2,073) 2 
383.96 ^ 000334 > 


1 148 283 


Using Standard Data 

Constant standard data elements are tabulated and filed ™ der ma " 
chine or process, for ease of reference. Variable data can be tabularize 
or may be expressed in terms of a curve or an equation, and are also 

filed under the facility or operation class. 

Where standard data are broken down so as to cover a given machine 
and class of operation, it may be possible to combine constants with 
variables and tabularize the summary, thus allowing quick reference 
data that will express the allowed time to perform a given operation 
completely. Table XXV illustrates welding data in which the constants 
“change electrode” and “arc” have been combined with the variables 
“weld cleaning” and “welding,” and the result has been expressed m 
man-hours required to weld one inch for various sizes of welds. 
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TABLE XXV 


CLASSIFICATION 


KIND billet 

TYPE_ Flat Position 


£LECTRODE_E-6020 


WELDING PROCEDURE GENERAL 

PROCESS OF WELD!NG_- ...Shielded Metallic A.-,- 

MATERIAL Mild Ste el to Mild Steel 
ELECTRODE E-6020 



. P.D.S 


d.h. 


Conv 


.POSITION 

-1550.1555 S A P 


_EiaL 


A.W.S. CLASS TYPE “SHAPE OF WELD 

POWER SOURCE (A-C. OR D.C. - AND POLARITY IF D C )__ 

PBFUPAT®-^--PEENINS-to,-!_CHIPPING 

PREHEAT_ None 


Heavy _ 

COATING 

D.C. Straight 


STRESS RELIEVING. 


.. None 


WELDING PROCEDURE-DETAILS 


SIZE 

OF 

WELD 

SIZE 

OF 

ELECTRODE 

THICKNESS 

OF 

PLATE 

NUMBER 

OF 

PASSES 

WELDING 

CURRENT 

(AMPERES) 

WELDING 

VOLTAGE 

ARC) 

MAN HOURS 
PER 

INCH WELD 

-™~AL_V. r 

*WELDING 

SPEED 

FT./HR. 

1/8 

1/8 

1/8 

l 

160-190 

26-28 



3/16 

5/32 

3/16 

l 

160-190 

26-28 



1/4 

3/16 

1/4 

l 

180-230 

32-36 



3/8 

1/4 

3/4 

l 

280-330 

32-36 

.0050 


1/2 

1/4 

3/4 

2 

280-330 

32-36 

.0078 

16,7 

5/8 

1/4 

1" 

2 

280-330 

32-36 

.0123 

10 7 

3/4 

1/4 

1 1/2 

4 

280-330 

32-36 

.0196 


1 

1/4 

1 1/2 

6 

280-330 

32-36 

.0318 


* Mrvre 

* IMTt i in.cc r 








TIME. 


Table XXVI illustrates standard data for a given facility and operation 
c ass w ere again, elements have been combined so that it is necessary 
n y 01 entify the job m question as to distance that the strip of sheet 
stock is moved per piece, in order to determine the allowed time for the 
complete operation. 

rnmV. tUP r eIenlentS als0 ^ fre< l uentI y be combined or tabulated in 
combinations so as to diminish the time required for summarizing a 

series of elements. Table XXVII illustrates standard setup data for No 5 
Warner & Swasey turret lathes applicable to a specific plant. In order to 
determine the setup time with this data, it is only necessary to visualize 
the tooling m the square and hex turret and refer to the table. For ex¬ 
ample, if a certain job required a chamfering tool, turning tool, and fac¬ 
ing tool m the square turret, and needed two boring tools, one reamer. 
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TABLE XXVI 

Standard Data for Blanking and Piercing Strip Stock Hand 
Feed with Piece Automatically Removed on 
Toledo 76 Punch Press 

L (Distance in Inches) T (Time in Hours per Hundred Hits) 

x 075 

2 . .082 

3 . . 0 88 

4 . 095 

k. 103 

i! .no 

7 117 

. 123 

.. 130 

10.137 


TABLE XXVII 

Standard Setup Data for No. 5 Turret Lathes 


SQUARE 

TURRET 



Basic Tooling 


Hex Turret 


Square Turret 


Partial. 

Chamfer. 

Face or cut off. 

Tn bo grv rad. 

Face and chf. 

Fa & Cut off. 

Fa & tn or tn and cut 

off. 

Fa, tn, and chf. 

Fa, tn, and cut off. . . 
Fa, tn, and grv. 


Partial 

Chamfer 

Bore or 
turn 

Drill 

S. Tap 
or ream 

C. 

Tap 

C 

Die 

31.5 

39.6 

44.5 

48.0 

47.6 

50.5 

58.5 

38.2 

39.6 

46.8 

49.5 

50.5 

53.0 

61.2 

36.0 

44.2 

48.6 

51.3 

52.2 

55.0 

63.0 

40.5 

49.5 

50.5 

53.0 

54.0 

55.8 

63.9 

37.8 

45.9 

51.3 

54.0 

54.5 

56.6 

64.8 

39.6 

48.6 

53.0 

55.0 

56.0 

58.5 

66.6 

45.0 

53.1 

55.0 

56.7 

57.6 

60.5 

68.4 

47.7 

55.7 

57.6 

59.5 

60.5 

69.7 

78.4 

48.6 

57.6 

58.5 

60.0 

62.2 

71.5 

80.1 

49.5 

58.0 

59.5 

61.5 

64.0 

73.5 

81.6 


Circled basic tooling from above. 

Each additional tool in square. 4.20x_ 

Each additional tool in hex. 8 • 63a; - 

Remove and setup 3 jaws. 5.9 

Set up subassembly or fixture.18-7 

Setup between centers. ILO 

Change lead screw. 5.6 


Total Setup- 


_Mi] 
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and a collapsible tap in the hex turret, the setup standard time would be 
determined as 69.70 minutes plus 25.89 minutes or 95.59 minutes. The 
value is established by finding the relevant tooling under the “square 
turret column (line 8) and the most time-consuming applicable tooling 
in the “hex turret" section, in this case, tapping. This gives a value of 
69.7 minutes. Since three additional tools are located in the hex turret 
(1st bore, 2nd bore, and ream), we multiply 8.63 by three and get 25.89 
minutes. The adding of the 25.89 minutes and the 69.70 minutes gives 
us the required setup time. 



FIG. 18-5. Cast-iron housing. 


More frequently, standard data are not combined but left in their 
elemental form, thus giving greater flexibility in the development of 
time standards. Representative standard data applicable to a given 
plant would appear as shown in Table XXVIII. 

The data shown include the applicable personal delay and fatigue 
allowance. Let us see how this standard time data would be used to 
establish allowed setup and piece times to drill the two hold-down bolt 
holes in the grey iron housing casting illustrated in Figure 18-5. 

The allowed setup time would equal 

B + = 8.70 minutes . 

Element A is not included in the setup time because of the simplicity of 
the job. The drawing is not issued to the operator because the operation 
card provides him with necessary information relative to drill jig number, 
drill size, plug gage number, feed and spindle speed to be used. Element 
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E is not included in the setup since first-piece inspection is not in this 
case performed by the inspector. According to the operation card issued, 
the operator will periodically inspect his own work with the Go-No-Go 
gage provided. It is recommended that he check every tenth piece 
drilled. 

TABLE XXVIII 
Standakd Data 

Application: Allen 17-inch Vertical Single Spindle Drill 

Work Size: Small work—up to four pounds in weight and such that two or more parts 
can be handled in each hand 


Setup elements: 

A. Study drawing. 

B. Get material and tools and return and place ready for work. . . 

C. Adjust height of table. 

D. Start and stop machine.^. f . 

E. First piece inspection (includes normal wait time for inspector) 

F. Tally production and post on voucher. 

G. Clean off table and jig. 

H. Insert drill in spindle. 

I. Remove drill from spindle. 

Each piece elements 

1 . Grind drill (prorate). 

2. Insert drill in spindle. 

3. Insert drill in spindle (quick change chuck). 

4. Set spindle. 

5 . Change spindle speed. 

6 . Remove tool from spindle. 

7. Remove tool from spindle (quick change chuck). 

8 . Pick up part and place in jig 

a) Quick-acting clamp. 

h) Thumb screw. 

9. Remove part from jig 

a) Quick-acting clamp. 

h) Thumb screw.. 

10. Position part and advance drill. 

II. Advance drill. 

12 . Clear drill. ; . ; . 

13. Clear drill, reposition part, and advance drill (same spindle).. 

14. Clear drill, reposition part, and advance drill adjacent spindle 

15. Insert drill bushing. 

16. Remove drill bushing. 

17. Lay part aside. 

18. Blow out jig and part and lay part aside. 

19. Plug gage part. 


Minutes 

. 1.25 
. 3.75 
. 1.31 
. .09 

. 5.25 
. 1.50 
. 1.75 
. .16 
. .14 


.78 

.16 

.05 

.42 

.72 

.14 

.035 

.070 

.080 

.050 

.060 

.042 

.035 

.023 

.048 

.090 

.046 

.035 

.022 

.081 

.12 per 
hole 


Since the casting in question would weigh less than four pounds, and 
two parts can easily be handled in one hand, the data outlined would 
be applicable. 

After the analyst investigates the design of the drill jig to be used and 
makes an analytical motion study of the job in order to determine the 
elements required to perform the operation, he will make his ele¬ 
mental summary. This would appear as shown in the accompany¬ 
ing table. 
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Element Number 

Element 

Allowed Time 
(Minutes) 

8 . 

Pk. pt. pi. jig (quick acting clamp) 
Rem. pt. jig (quick acting clamp) 

Pos. pt. & adv. dr. 

Cl. dr. rep. pt. & adv. dr. 

Cl. dr. 

Lay pt. aside 

Plug gage pt. (10%) 

Or. dr. (once per hundred pcs.) 

Insert dr. in sp. (once per 100 pcs.) 

Rem. tool from sp. (once per 100 pcs.) 

-—-...-- 

9. 

.070 

10 . 

.050 

13. 

.042 

12 . 

.048 

17. 

39. 

.023 
.022 . 

1 . 

2 . 

.012 

.008 

6 . 

.002 


.001 

---- 

- —— --- 

.278 Minute 


To this .278-minute time must be added the actual drilling time to 

M U„ Iwo h„l„ Hi, mdily bo delern , lnetl as JJ™ l 

hned F-or a one-half-inch diameter drill used for drilling cast iron we 
should use a surface speed of 100 feet per minute and a feed of ’ 008 
inch per revolution. 

mtoe hUndied surface feet P er minu te would equal 764 revolutions per 


where 


R.P.M. = 

7T d 


S f = surface feet per minute 
rr = 3.14 

d = diameter of drill in inches . 


However investigation of the drill press for which this work has been 
routed reveals that 600 R.P.M. or 900 R.P.M. are the closest speeds that 
are available to the recommended 764 R.P.M. The analyst proposes to 
use the slower speed m view of his knowledge of the condition of the 
machine, and determines the drilling time as follows: 



25 

i = - 437 + tat59 s = ' 588 inches 
F m = (600) (.008) 

= 4.8 inches per minute 
rp / .588\ 

T “ \T8 / 2 ~ * 244 m i nute • 


To this .244 minute cutting time must be added an appropriate allow- 

T Ce m If i, 10 ^ C6nt allowance on the ac tual machining time is used we 
should have a cutting time of .268 minute and a handling time of ’.278 
minute or a total time of .546 minute to drill complete one casting on the 
single-spindle press available. This standard, supplemented with the 
setup time of 8.70 minutes, would be released as: 
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Setup.145 hours 

Each piece.91 hours per hundred . 


Thus if an operator set up this job, and ran 1,000 pieces in an 8-hour 
working day, he would be performing at an efficiency of 116 per cent: 

(.91) (10) + d_45 = 116 cent . 

8 


Conclusion 

Standard data, when properly applied, permit the establishment of 
accurate time standards in advance of the time that the job is to be per¬ 
formed. This feature makes its use especially attractive when estimating 
the cost of new work for quotation purposes and for subcontracting work 
Time standards can be achieved much more rapidly by using standard 
data, and the consistency of the standards established can be assured. 
Standards developed from standard data tend to be completely fair to 
both the worker and management in that they are the result of already 
proven standards. It can be pointed out that the elemental values used 
in arriving at the standards have proven satisfactory as components of 
established and acceptable standards in use throughout the plant. 

The use of standard data simplifies many managerial and administra¬ 
tive problems in plants having a union which operates as a bargaining 
agent. Union contracts contain many clauses pertaining to such matters 
as the type of study to be taken (continuous or snapback), the number 
of cycles to be studied, who shall be studied, and who shall observe the 
study These restrictions frequently make it difficult for the analyst to ar¬ 
rive at a standard that is equitable to both the company and the op¬ 
erator. By using the standard data technique, the analyst may avoid 
restrictive details. Thus, not only is the determination of a standard 
simplified, but the sources of tension between labor and management 
are alleviated. 

In general the more refined the elemental times, the greater the cov- 
erage possible for the data. Consequently, in job shop practice, it is 
practicable to have individual elemental values as well as grouped or 
combined values, so that the data for a given facility will have the 
flexibility that will allow the setting of rates for all types of work sched¬ 
uled to the machine. , . 

The use of fundamental motion data for establishing standards, m 

particular on short-cycle jobs, is becoming more widespread. This data, 
by nature, is so basic that it allows the predetermination of standards on 
practically any class or type of manual elements. Of course, the ob¬ 
jective’ or “do” basic divisions, such as “use,” must be handled as var¬ 
iables, and tabularized data, curves, or algebraic expressions established. 

From the illustrative examples cited, it is evident that the application 
of standard data is an exacting technique. Careful and thorough training 
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in methods and shop practice is fundamental before an analyst can ac¬ 
curately establish standards using standard data. It is essential that the 
analyst know and recognize the need for each element in the class of 
work for which he is setting rates. Supplementing this background it is 
necessary that the man working with standard data be analytic, ac¬ 
curate, thorough, conscientious, and completely dependable. 

TEXT QUESTIONS 

1. What do we mean by ‘‘standard data”? 

2. What advantages are there to establishing time standards through the me¬ 
dium of standard data rather than by taking individual studies? 

3. What would the time for tile element “mill slot” depend upon? 

4. Of what use is the fast” watch in the compilation of standard data? 

5. Compute the times for elements a, b, c, d, and e when elements a + b + c 
were timed as .057 minute and b + c + d were found to equal .078 min- 
ute c + d + e = .097 minute, d + e + a = .095 minute, and e + a + b = 
.069 minute. 

6 ' ofOlVdegrees? **“ ° f 3 % ~ fach dia “ eter With “ included an S le 

7. What would be the feed in inches per minute of a %-inch drill running at 
tion? 306 SPeed ° f 80 fe6t P6r minute and a feed of •° 08 inch P er revolu- 

8 ' thfek? 0118 W ° Uld ft take Ae ab ° Ve dri1110 driH thr ° Ugh 3 castin S 2M inches 
9. How are feeds usually expressed in lathe work? 

10 ' *c ng WOul ? ? take t0 turn 6 inches of bar stock on a No 3 

; t ™ nn . ing at 120 feet P er minute and feeding at the 

rate of .005 inch per revolution? ® 

11. A plain milling cutter 3 inches in diameter with a width of face of 2 inches 
is being used to mill a piece of cold-rolled steel 1% inches wide and 4 
inches long Depth of cut is «. inch. How long would it take to make the 
cut ,f the feed per tooth is .010 inch and a 16-tooth cutter running at a 
surface speed of 80 feet per minute is in use? ® 

What are some of the disadvantages of using curves to tabulate standard 

13 curves?^ andaid pr0CedureS should be foI1 owed in the plotting of simple 

14. What would be the horsepower requirements of turning a mild steel shaft 
3 inches m diameter if a cut of % inch with a feed of .022 inch ner 
revolution at a spindle speed of 250 R.P.M. were established? F 

GENERAL QUESTIONS 

L A hat w, y0U thi r k iS attitude of labor toward establishing standards 
through the use of standard data? h auudrus 

2. Using the drill press standard data shown in the text, preprice a drilling 
job with which you are familiar. How does this standard compare with the 
present rate on the job? (Be sure that identical methods are compared ) 

3. Does complete standard data supplant the stop watch? Explain 


12 



CHAPTER 19 


Formula Construction 


lORMULA CONSTRUCTION AS AP- 

plied to time study involves the design of an algebraic expression or 
system of curves that allows the establishment of a time standard m 
advance of the beginning of production by substituting known values 
peculiar to the job for the variable elements. A time study formula 
represents a simplification of standard data and has particular applica¬ 
tion in the nonrepetitive type of work where it is impractical to establish 
standards on the basis of an individual time study for each job. 

Application of Formulas 

Time formulas are applicable to practically all types of work. They 
have been successfully used in office operations such as typing, m 
foundry work, maintenance work, painting, machine work of all types, 
forging, coil winding, grass cutting, window washing, floor sweeping, 
welding, and many others. If sufficient time studies are collected to give 
a reliable sample of data, it is possible to design a formula for a given 

range of work no matter what type of job is in question. 

It is important to recognize that the formula should be applied only 
to those jobs that fall within the limits of the data used in developing 
the formula expression. If the boundaries of the formula are extended 
without supporting proof of individual time studies, erroneous standards, 
with all the resulting dangers brought about through inequitable rates, 

may result. , ,, 

Once a formula has been built to cover a given operation it should 

be immediately applied to all pertinent jobs within the range for which 
it was designed that do not already carry time standards. 
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Advantages and Disadvantages of Formulas 

The advantages of using formulas rather than individual time * a- 
1. More consistent time standards are established. 

3. Standards ma y be esUblish^'mOTe^'dly 0 ^^' 0115 " diminate d- 
ilSnS 1 ’""” 4 "V "«i fee establishing ,™ 

5 ' J3S,'S! fimaf ““ *> f ^.ing 

JS'SdTfitS “vZSfl"” M ’“ i - 

formulas than with standard da tn A u- i 1S nee< 3ed to work with 

ficient in algete wS h7 abt t An V ,gh ' SCh ° o1 Senate who is pro- 

...v.fo„he g irz r : id,:tsLZzrt ,o r ,a *7 

“TSm d“";° s ■ s “°t? ,i “ n » h “ “>"e»f«™“r n “ Mm - 

sistently wrong. ’ rt WlU S lve standards that are con- 

In ftettet'ZrS t f 'T‘ , d “? 16 *»*»>«, 

industry will use formulas^. A th ® 6arlieSt P ossible time, 

»«z, a. d S”S ft r 

Characteristics of the Usable Formula 

muft^yfcttjTiffs to be mUSt d be T Pl t! y reIiaMe ’ and secondl y> 

i:S££»^«iS!53 
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when a formula is built, prevailing standard data, existing individual 

J™ ,,udi .nd new individual Urn. *«. 

data used in its construction. Of course, it is understood that all mathe 
matical calculation must be free from error before complete confidence 

givTas accurate result, as 0* data that entered i.te 
i„ dertvSn. He studies being used and the element, comprising them 
" consistency in their'eud points and also in the me,heal used. 

if the formula is to give constantly valid lesults. 

For a formula to b! practical, it should be clear concise, and as sm.- 
nle as possible. The formulas best understood and most easily appli d 
a!e ^simplest expressions. Cumbersome expressions involving the tak¬ 
ing of terms to powers should be avoided. Symbols of unknowns should 
not be repeated 1 throughout the formula but should appear only m one 
XcewTth their applicable suffixes, prefixes, or coefficients. Each sym¬ 
bol should be specifically identified as to the area of work it represents 
Uberal substanttating data should be included in the formula report so 
to at quabfied, interested party can clearly identify the derivation of 
t formula. It is important that the limitations of the formula be noted 
by describing in detail its applicable range. Formulas so constructed vaU 
allow their users to apply them rapidly and accurately with httle diffi- 
culty in obtaining the required information. 

Steps to Follow in Formula Construction 

The first step in formula construction is to determine what class of 
work is involved and what range of work is to be measured . Fot 
amnio a formula may be developed for the curing of bonded rubber 
parts between two and eight ounces in weight The class of work covered 
by the formula would be “curing of molded parts, an e ran § 
work involved would be two to eight ounces. After this general ove -all 
analysis has been made and a clear understanding of what is required 
has been determined, the next step will be the collecting o the f ° r “ lda 
data This step involves gathering former studies and standard data 
elements that have proven to be satisfactory and the taking of new 
studies in order to obtain a sufficiently large sample to cover the range of 
Jerk for which the formula is needed. It is important that^ like_ ele¬ 
ments in the different studies are consistent m their end points. This 
essential in determining the variables that influence time, as well as m 
determining an accurate value for constant elements. 

The elemental time study data are then posted on a werk sheet for 
analysis of the constants and variables. The constants are combined and 
the variables are analyzed so that the factors influencing time can be ex- 

Dressed either algebraically or graphically. . 11 i 

P Once the constant values have been selected and the variable ele- 
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ments equated, then the expression is simplified by combining constants 
and unknowns where possible. The next procedure is to develop the 
synthes^ m winch the derivation of the formula is fully explained, so 
that the person using it, and any other interested party, will be fully 
cognizant of its application and development. 7 

Before the formula is put into use, it should be thoroughly checked for 
accuiacy, consistency, and ease of application. Once this is done and the 
formula report has been completely written up, describing the method 
used working conditions, limitations of its application, and so forth, then 
the foimula is ready for installation. 

In collecting the individual time studies to be used for constructing 

Hme Tt ’ -f VI per f ectl >' ^rti.sfaot° r y for the observer to use existing 
t me studies if they have been proven to be satisfactory, if the com 
stant and variable elements in the studies have been properly separated 
and if the studies were taken under prevailing conditions and methods’ 
When taking new studies for formula work, the analyst should use the 
same exacting care principles, and procedures as when taking a study for 
an individual standard. However, when taking studies for a time formula 
the observer should break the various studies into like elements, with end 

U i? rmin :r S £ '‘ t ' denticaI Places in the work cycle. Also, studies 
should be made of different operators to get as large a cross section as 

posed formU th ° Se ^ SeleCted should cover the entire range of the pro- 

The number of studies that are needed to construct a formula will be 
influenced by: 


1. The range of work for which the formula is to be used. 

. The relative consistency of like constant elements in the various studies 

3 - ,h “ »• >■- •« s 

As has been stated, at least ten studies should be available before a 
formula is constructed. If less than ten are used, the accuracy of the 
oimula may be impaired through incorrect curve construction and data 
that are not representative of typical performance. Of course the more 
studies that are used, the more data there will be available and the more 
the norma] conditions that prevail will be reflected. 


Analyzing the Elements 

After a sufficient number of time studies has been gathered, it is heln- 
ful to summarize the data for analysis purposes on one work sheet. Fig¬ 
ure 19-1 illustrates a “Master Table of Detail Time Studies” form which 
has been designed for this purpose. In addition to the information called 
tor on the form, any specific information, such as surface area, volume 
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SHEET NO._I— 

OF I SHEETS 


FORMULA_ 12 - 

DATE Lue.— LQ_,— II 


MASTER TABLE OF 


STUDY 

OPERATOR 


PART CylifiJirr^l ---—- < -tlm 

OPERATION Matte. — Core —fiaiM. 

PERFORMED ON --- u \J 0 


COMPILED BY_JL_JSoJj 


OPERATION DESCRIPTION 


REFERENCE CUM 


m _ i% hb - 

iks. _• m.. 

m • is* - 


frh-IKc _of£_J 


FIG. 19-1. 


length, diameter, hardness, radius, and weight, that has an effect on the 
variable elements should be posted under its corresponding study num¬ 
ber in the “job characteristics” section of the form. 

Here the name of the operator studied, his rating factor and p 
number of the job are also shown. A separate column has been assigned 
for each time study for the recording of all this pertinent information 

In the column, on the left-hand side of the work sheet, headed sym¬ 
bol,” an identifying term is placed for each element The letters of t 
alphabet followed by a suffix number are frequently used. Thus we 
should have the symbols Al, Bl, Cl, and so on. When more than 26 
elements are involved, then the alphabet is repeated, only this time the 
suffix 2 is used. These symbols are employed for identification and re - 
erence from the Master Table to elements grouped in the synthesis. 

Under the operation description, every element that has occurred on 
the individual Time studies is recorded. The element description should 
be expressed clearly, so that any interested person m the future will be 
able to visualize exactly the work content of the element. After each 
element description in the column headed “Operation Class indicate 
with a “C” or a ‘V’ whether the element is a constant or a variable. 







Ne xt, the allowed elemental times from the individual studies are 

Afw P r°r a ‘ he . work * heet and are reCOrded in the appropriate spaces. 
After these data have been posted, the elemental time values for each 

element are compared and the reasons for variance are determined As 
can be expected, a certain amount of variation will prevail, even in the 
constant elements, because of inconsistency in performance ratine. In 
general, the constant elements should not deviate substantially, and the 
allowed time for each constant may be determined by averaging the 
va ues of the different studies. This average time should then be posted 

l * e c ? lumn Tlme Allowed,” and under the column “Reference” 
should be shown the word "average.” 

The variable elements will show a tendency to vary in proportion to 
some characteristic or characteristics of the work, such as size, shape, or 
hardness. These elements will have to be studied carefully to de- 
ermine which factors influence the time, and to what extent. By plotting 
a curve of time versus the independent variable, it is frequently possible 
foi die analyst to deduce an algebraic expression in terms of time repre¬ 
senting the element. This procedure is explained in a later section of this 
chapter. If an equation can be computed then it should be shown in the 
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“Time Allowed” column and the curve or curves used in its deduction 
should be referred to in the adjacent reference column. 

Compute Expressions for Variables 

If the analysis of the elemental data reveals that one variable charac¬ 
teristic governs the elemental time, then the analyst should construct a 
simple curve following the procedure outlined in Chapter 18 (see 



FIG. 19-2. Segment of hyperbolic curve. 


Fie 19-12) If the plotted data take the form of a straight line, the 
variable element is readily equated in terms of time in the algebraic ex- 
pression: 

T = fV + C 

where 


f = function of the variable (in this case the slope of the line) 
V = the variable characteristic governing the elemental time 
C = y intercept which is a constant expressed in terms of time . 


Not always will the plotted data take the form of a straight line. It 
may approximate a segment of the hyperbola, ellipse, parabola, or take 
a shape completely foreign to common geometric forms. 

In instances like this, the development of an alignment chart facili¬ 
tates the computation of the time required to perform the element. The 
equations of the hyperbola, ellipse, and parabola complicate the formula 
to such an extent that its use is immediately limited. In ordei to design 
an alignment chart that is to become a part of the over-all formula ex¬ 
pression, the plotted data of the variable must be equated. 
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The hyperbolic curve takes the form illustrated 19-2 and is 

expressed by the equation: 

jz 2 _ ii = i 
a 2 k 2 

If the plotted data take the form of a segment of the hyperbola, 
k may be computed graphically by drawing a tangent to the curve 
through the origin and using the resulting line as the diagonal of the 
rectangle whose height is a , the distance from the origin to the y inter¬ 
cept. Substituting time and the variable characteristic for x and y would 

g ive: _________ 

T ,y,,+<<!<£>. 

This expression can now be converted to an alignment chart for ease of 
application. 


FIG. 19-3. Segment of ellipse. 


Y 



The ellipse segment shown in Figure 19-3 is expressed by the equa¬ 
tion: 


When the plotted time values take the form of the ellipse, a and b 
may be computed graphically and their values substituted in the expres¬ 
sion: 


l/ b 2 v 2 

T = \b 2 -- • 

r a 2 

In other instances, the data may take the form of the parabola as il¬ 
lustrated in Figure 19-4. This curve is expressed by the equation: 


x 2 = 


a l y 

~V 
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and after substituting graphic solutions for a and b , we have the equa¬ 
tion: 



As in previous illustrations, T is equal to time and v is equal to the 
variable characteristic governing the elemental time. 


Y 



FIG. 19-4. Segment of parabola. 


Using Logarithmic and Semilogarithmic Paper 

When the plotted curve takes the exponential form it may be plotted 
on semilogarithmic or logarithmic paper in order to get a straight-line 
relationship. Sometimes, if the replotting still shows a slight curve, a 
constant may be added or subtracted from the curved portion of the 
plotting which will straighten this segment sufficiently to permit using 
the exponential to express one portion and the exponential plus a con¬ 
stant for the other portion. 

For example, the equation Y = AX m written in logarithmic form becomes: 
log Y — log A + m log X . 

It is evident here that log Y is linear with log X and when plotted on 
logarithmic paper a straight-line will be obtained. The equation may take 
the exponential form of Y = AB X . This equation written in logarithmic 
form is: 

log Y - log A + X log B . 

Inspection of this equation shows that log Y is linear with X and when 
plotted on semilogarithmic paper with Y on the log scale a straight line 
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will be obtained. For example, in the element ‘‘strike arc and weld” the 
following data were obtained from ten detailed studies: 


Study Minutes per Inch 

No. Size of Weld of Weld 

1 . H -12 

2 . He .13 

3 . M .15 

4 .% .24 

5 . M .37 

6 . % .59 

7 .% .80 

8 . % .93 

9 . % 1.14 

10 .1 1.52 


When the data were plotted on rectangular coordinate paper, a smooth 
curve resulted (see Figure 19-5). The data were then plotted on semi- 
logarithmic paper and the straight line as shown in figure 19-6 was ob¬ 
tained. 

This plotting can now be stated in equation form by the following 
derivation: 

Select any two points on the straight line: 

Point 1 1 = 1, Y — log 1.52 

Point 2 X = y s , F = log .24 

Solving for the slope m: 



log 1.52 — log .24 


= 1.28 . 

To determine the equation of the line from the equation Y — Yx = 
m(X — X i) we get: 

log Y - log 1.52 = 1.28 (X - 1) 
log Y - .18184 = 1.28 X - 1.28 
log F = 1.28 X — 1.10. 

From the exponential form 


and 


F = AB x 

log F = log A -f I log B 


log A = —1.10 
A = .07944 
log B = 1.28 
B = 19.05 


and 
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FIG. 19-5. Plotted curve on regular co-ordinate paper takes exponential form. 

Y = (.07944) (19.05)* 

rounding off: 


Y = (.08) (19)-. 


This equation would then be a component of the formula expression 
and would be less cumbersome than referring to the curve shown in 
figure 19-6. It can be checked as follows: 

With y 2 " weld: 

Time = (.08) (19) *5 
= .35 minutes. 

This checks quite closely with the time study value of .37 minutes. 

Solving for More fhon One Variable 

Sometimes, it will be found that two or more variable characteristics 
govern the elemental time. It may be possible to combine these variables 
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FIG. 19-6. Dote, plotted on semilogarithmic paper takes the form of a straight line with equa- 

tion Y = AB . 


mto one and then plot the result against time. Thus, the product of 
length and diameter will give us surface area, which may be plotted 
against time for various bar stock machining elements. Then radius 
squared times length will give volume, which may be plotted against 
time for such operations as welding fillet elements or making green sand 

Alignment charts have also been used to express time when two or 
more variables are involved. The basic principle in construction of align¬ 
ment charts, frequently called nomograms, is the showing of the relation¬ 
ship between the variables by means of scales along separate axes in 
such a way that a straight line will cut the scales and satisfy the equa¬ 
tion involving the unknowns. Figure 19-7 illustrates a nomogram used 
for determining turning and facing time. For example, if the problem is 
to determine the production in pieces per hour to turn 5 inches of a 

me* ITT Shaft ° f medium Carbon steel 0n a machine utilizing a 
.015-mch feed per revolution and having a cutting time of 55 per cent of 

the cycle time, the answer could be readily determined graphically By 
connecting the recommended cutting speed of 150 feet per minute for 
medium carbon steel shown on scale 1 to the 4-inch diameter of the work 
shown on scale 2, a speed of 143 R.P.M. is shown on scale 3 The 143 
R.P.M. point is connected with the .015-inch feed per revolution that is 
shown on scale 4. This line extended to scale 5 shows a feed of 2 15 
inches per minute being used. This feed point connected with the length 
of cut shown on scale 6 (5 inches) gives the required cutting time on 
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scale 7. This cutting time of 2.35 minutes when connected with the 
percentage of cutting time shown on scale 8 (in this case, 55 per cent) 
gives the production in pieces per hour on scale 9 (in this case, 16). 

Frequently, the analyst will find that it is not possible for him to com¬ 
bine variables influencing the time to perform a job. Thus, he would not 
be able to combine area and hardness, wire gage and length of wire 


0 PRODUCTION-PCCES PER HOUR 



Courtesy: Crobalt, Inc 

FIG. 19-7. Nomogram for determining facing and turning time. 
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wound, area and slope, and similar groups of variables that would affect 
the time to perform an element. 

It is possible to solve problems like this graphically by constructing 
two charts. The first will show the relationship between time and qne of 
the variables in selected studies in which the values of the other variables 
tend to remain constant. The second chart will show the relationship be¬ 
tween the second variable and time that has been adjusted so as to re¬ 
move the influence of the first variable. 

Let us look at an example to illustrate the application of this pro¬ 
cedure. It is decided to construct a formula for rolling various width and 
length of .072-inch thick, cold-rolled sheet metal on a bench roll. Ele¬ 
ment 1 shown on the master table of detail time studies, is “pk. up pc. 
& pos.” and element 3 is “lay aside pc. & pos ” Since both of these ele¬ 
ments involve handling time of the same amount of stock, their values 
are combined so as to simplify the final algebraic expression. The values 
shown in the accompanying table were obtained. 


Study No. 

Width 

Length 

Element 1 -}- Element 3 

1 . 

2 

16 

.18 

2 . 

3 

18 

.13 

3 . 

8 

1 

.09 

4 ... 

ioy 2 

32 

.14 

5 . 

7 

84 

.55 

6 . 

8 H 

69 

.38 

7 . 

20 

30 

.22 

8 . 

11 

55 

.26 

9 . 

10 

75 

.68 

10 . 

20 

41 

.66 

11 . 

ioy 2 

90 

1.80 

12. 

16 

64 

1.44 


First inspection seemed to suggest that the time for element 1 plus 
element 3 would vary with the area of the part handled. However, upon 
plotting, it was apparent that something else was influencing the time 
required to perform these elements. Further analysis revealed that the 
long and narrow pieces required considerably more time than the nearly 
square parts, even though their respective areas were about the same. 
It was decided that two variables were affecting time: these were the 
area of the part and the increased difficulty of handling the relatively 
longer pieces. The latter may be expressed as a ratio of length to width. 

Of the twelve studies appearing on the master work sheet, it was 
noted that four (studies 5, 6, 7, and 8) were taken on stock having areas 
of about 600 square inches. It was also apparent that these four studies 
had a relatively wide spread of “length divided by width ratiq which 
was apparently responsible for the range in allowed elemental times. 

Since these four studies had areas relatively the same, the effect of 
L/W could be shown by plotting a simple curve. This was done as shown 
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in Figure 19-8. Now, in order to see what the effect of area is on the 
elemental time, it will be necessary to adjust all the tabularized time 
study values by the relative amount of time brought about by the influ¬ 
ence of the variable L/W. To get a factor that can be used to divide the 
time study values so as to arrive at an adjusted time that varies with 
area, we construct a scale parallel to the Y axis and call it “Factor A” 
(adjustment factor). By extending the lowest point on our L/W curve 
horizontally to the adjustment axis, we get a distance from the origin 
that can be evaluated as unity on the adjustment axis. Proportional values 
can then be constructed so as to get a scale on the adjustment axis. 



0 4 8 12 16 

L_ 

W 


FIG. 19-8. Time plotted against the ratio of length to width for con¬ 
stant areas of about 600 square inches. 

Now by taking the L/W value of all the studies appearing on the 
master table, we can determine adjustment factors graphically for each 
study by moving horizontally to the Factor A axis from the specific point 
on the L/W versus Time curve. Once the adjustment values have been 
determined for each study, then the adjusted time can be computed by 
dividing the allowed elemental time study values by the adjustment fac¬ 
tor. The resulting adjusted times can then be plotted against area (see 
Figure 19-9). 

The system of curves so developed represents the graphic solution and 
can be used for establishing standards within their range in the fol¬ 
lowing manner. First, the area and the length over width ratio of the 
sheet is calculated. Using the L/W ratio, we can refer to the first curve 
to obtain an adjustment factor. Referring to the second curve we can 
determine an adjusted time. The product of the adjusted time and the 
adjustment factor will give the allowed time to perform elements 1 and 3. 

By extending this procedure, it is possible for the analyst to solve 
graphically elemental time values when more than two variable charac¬ 
teristics govern the elemental time. 

Sometimes variables will remain relatively constant within a specific 
group. However, once the limits of the specific group are extended, the 
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variable will tend to show a pronounced change in value. For example, 
the handling of boards of 1-inch white pine to a planer may be classi¬ 
fied: 


Group Allowed Time 

Small (up to 300 square inches).070 min. 

Medium (300 to 750 square inches).095 min. 

Large (750 to 1,800 square inches).144 min. 


This method of grouping will tend to give erroneous values at the 
extremities of each group. Thus, in the above example, a board of 295 
square inches would be allowed .070 minute handling time while one 
305 square inches would be given .095 minute. The chances are that in 
the first case, .070 minute would represent a tight standard and in the 
latter case, .095 minute would be somewhat loose. 



FIG. 19-9. Adjusted time plotted against area. 


When elements are grouped in the manner shown, it is important that 
the grouping be clearly and specifically defined so that there will be no 
questions as to which category an element belongs. 

Develop Synthesis 

The purpose of the synthesis in the formula report is to give complete 
explanation of the derivation of the various components entering into 
the formula so as to facilitate its use. Furthermore, a clearly developed 
synthesis will help in explaining and selling the formula in the event 
questions come up at some later date as to its suitability. 

In order that the final expression may be in its simplest form, all con¬ 
stants and symbols should be combined wherever possible, with due 
respect to accuracy and the flexibility of the formula. Elemental opera¬ 
tions may be classified under specific headings as preparation, handling 
by hand, handling by jib crane, and operation. Constant values will ap¬ 
pear under each elemental class. These values can be combined to 
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simplify the final expression of the specific formulas. Details of the com¬ 
binations are explained in the synthesis. A typical illustration of a syn¬ 
thesis for a constant element would be: 


Al + Cl + constant from equation 4 -f HI = .11 + .17 -f .09 + .05 — .42 minute. 

In the treatment of variable elements, a more detailed explanation is 
usually required due to the added complexities associated with this class 
of elements. For example, we may wish to combine elements B 1 and 
Dl, in that they have been influenced by the ratio of L/D. The two 
equations may be: 

B\ = .l| + .08 


and the combination of these would give 


B\ + Dl = .15^ + .08 . 

Thus, the synthesis would clearly show where the .15 L/D came from. 


Compute Expression 

The final expression may not be entirely in algebraic form. It may 
have been more convenient to express some of the variables in terms of 
systems of curves, nomographs, or single curves. Then, too, some of the 
variable data may have been made up into tables, and these will be re¬ 
ferred to by a single symbol in the formula. A typical example of a 
formula would be: 

555jV 

Allowed Time = .07 + Chart 1 + Curve 1 + 


where 


N = number of cavities per mold 
C = cure time in minutes . 

In applying this formula, the analyst would refer to Chart 1 in order 
to pick out the applicable tabularized value. He would also refer to 
Curve 1 to obtain the numerical value of another variable entering into 
the formula. Knowing the number of cavities in the mold and the cure 
time in minutes, he would substitute in the latter part of the expression 
and summarize the values of the three variables with the constant time 
of .07 minute to get the resulting allowed time. 

Check for Accuracy 

Upon completion of the formula, the analyst should verify it before 
releasing for use. The easiest and most rapid way to check the formula 
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be time well spent for the analyst to go over the formulawith the fore 
man of the department where it will be used After f i 
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Write Formula Report 

All data, calculations, derivations, and annlicatinnc nf tl,„ c , 
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separate 


1. Formula number, division, 
data, and sheet number 

2. Part 

3. Operation 

4. Work station 

5. Allowed time 

6. Application 

7. Analysis 

Formula Number 


8 . Procedure 

9. Time studies 

10. Table of detail elements 

11. Synthesis 

12 . Inspection 

13. Wage payment 

14. Signature of constructor 
and approver 
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^The part number or numbers together with drawing numbers should 

for which the formula has application are clearly defined. For e Xa pK 
“Parts T—1101 T-1146, J-1172, J-1496, side plates ranging from 12 X 24 
inches to 48 X 96 inches” would identify the parts for which the formula 

may be used. 

Operation and Work Station 

The operation covered by the formula should be clearly stated such 
as “roll radius” or “fabricate inner and outer members or broach key- 
ways” or “assemble farm tank.” In addition, the work statKin should be 
completely described with information as to equipment jigs, fixture . 
gages and their size, condition, and serial number. A photograph wil 
often help to define the method in effect at the time of compilation of 

the formula. 

Allowed Time 

When expressing the formula for the allowed time, use separate equa- 
„o»d the "..ch-piec.- time. i™ed,.t.l y foI ow¬ 
ing the formula <10011 be . ley which outlines the meaning of « ™- 

bols used in each equation. All tables, nomograms and system of curves 
should be included at this point, as well as a sample solution, so that the 
person using the formula clearly understands it. 

AP Afler the expressions for the allowed time have been oondsely statech 
then a clear explanation of the application of the formula should be 
given This should give in detail the nature of the work on 
formula may be used and specifically state the limits ^ 

be applied. For example, the application of a formula for curing bonded 
rubber parts may be written as follows: “This formula applies to all 
curing operations 7 done in 24 X 28-inch platen presses when thenumber 
of cavities range between 8 and 100 and the cubic inches of rubber per 
cavity range between .25 inch and 3 inches. 

^Tinder the analysis is given a detailed account of the entire method 

of obtaining supply materials; and nature of setup with details as to now 
the opSr Signed the job, distance to the tool crib, and other 

Per i t ?the analysis section of the report is included information as to the 
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breakdown of the allowances used in the formula. The reason for any 
special or extra allowance should be clearly stated. The allowance for 
personal time fatigue, and unavoidable delays should be shown inde¬ 
pendently so that if any question comes up in the future as to the in- 
c usion of an allowance m the formula, it can be clearly shown what 
allowances were included and why. 7 

Procedure 

After the analysis of the job has been established, the procedure used 
by the operator m performing the work should be written up in detail 

? 6 US Wa >' ° f d ‘ >mg th ‘i? 15 include a11 *e elements appearing on 
the master work sheet in their correct chronological arrangement While 
abbreviations were liberally used on the time studies andon the master 
table, care should be exercised to avoid their use in writing up the op- 
erators procedure fndividua! elements should be written In exact de- 
tail Then all parties will have no doubt as to the work elements in- 
eluded m the scope of the formula. 

Time Studies 

It is not necessary to include the actual time studies used in compi¬ 
lation of the formula in the formula report, as they are usually available 
in their own independent files. However, reference should be made to 
the time studies used. This can be done in tabular form as follows: 


Time Study No. 

Part 

Drawing 

Plant 

Date Taken 

Taken By 

fe-112. 

S-147. 

J-1102 

J-1476 

J-1105 

JB-1102 
JA-1476 1 

JT> -1 1 OK 

A 

B 

B 

9-15-54 

J. B. Smith 

S-92. 

10-24-54 

A. B. Jones 

—-----1 

t)JD i I (JO 

6-11-54 

J. B. Smith 


Table of Detail Elements 

This table is used as a reference source for information as to the sl¬ 
owed element time and its derivation. The information for composing 
this table is taken from the master table of detailed elements and is re¬ 
corded m chart form as follows: 


—--- 

Symbol 

Element Description 

| Allowed Time 

Reference 

A1. 

B1. 

Close core box 

.08 min. , 

Average 

Cl. 

r m partly lull oi sand 

A X C.T. 

All Studies 

—- 1 

Rap box 

.04 min. 

S-4-6-7-8-12 


Synthesis 

After recording the table of detail elements, the analyst includes the 
synthesis of the report. The synthesis, as previously explained, tells the 
manner in which the allowed time was derived. 
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Inspection, Payment , and Signatures 

Upon completion of the synthesis the constructor records the following 
information in order: the inspection requirements appearing on thaw¬ 
ings of the jobs covered by the formula; the type of wage payment plans 
where the formula will be used, such as daywork, piecework, and group 
incentive; and finally his signature and that of his supervisor. 

Representative Formula 

The following formula report will illustrate and help clarify the pro¬ 
cedures discussed in this chapter: 

Formula No.: M-ll-No. 15 
Date: September 15, 1954 
Sheet: 1 of 15 

Part: Cylindrical oil sand mix cores %" in diameter to 2K" diameter and 
4" long to 13" long. 

Operation: Make core complete in wood core box. 

Work Station: 30" X 52" Bench 36 hig . 

Allowed Time: Piece time in demical minutes equals: 

,1731V + .0210L + V.0067 + .000016+ Y X C.T. + .0157A + .327 

Where 

N = number of “C” clamps 
L = length of core in inches 

V = volume of core in cubic inches 

Y = adjustment factor (Curve 1) 

CT = adjusted time (Curve 2) 

A = cross-sectional area of core . 

Example: . _ ^ , Q „ 

Calculate allowed time to make a green sand‘ core t h “i^ onlv^ne 
long. Volume would he 25.1 cubic inches and with 8 length, only on 
clamp would be required. L/D would be equal to 8/2 or 


Time = (.173)(1) + (.0210) (8) + V70067 + (.000016) (25.1') 

+ (1.5) (.76) + (.0157) (3.14) + .327 = 1.987 minutes . 

Application 

boxes. 

Analysis 

The following hand tools are provided the operator for making cores cov- 
piled on the floor by the move man approximately four feet from me op 
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tor. Periodically, the operator replenishes a supply of sand on his bench from 
the inventory on the floor, through the use of a short-handled shovel. Rods 
and reinforcing wires are requisitioned from the storeroom by the operator. 
He usually acquires a full day’s supply with each requisition. 

The work voucher placed above the operator’s work station by the de¬ 
partmental foreman indicates the sequence of jobs to be performed and is 
the authority for the operator to begin a specific job. Operation cards and 
drawings must be obtained by the operator from the tool crib. 

The standard allowance which must be added when applying this for¬ 
mula is 17 per cent. This involves 5 per cent for personal delays, 6 per 
cent for unavoidable delays, and 6 per cent for fatigue. 

Procedure 

The working procedure followed in making oil sand mix cores covered by 
this formula includes fourteen elements exclusive of setup and put-away ele¬ 
ments. These are: 

1. Pick up two sections of core box and close together. 

2. Clamp core box shut using one clamp for cores less than 9 inches and 
two clamps for cores greater than 9 inches in length. 

3. Fill core box partly full of sand (about one third depending on core). 

4. Ram the sand solid in the core box. 

5. Place the vent rod and reinforcing wire. 

6. Fill the remainder of the core box with sand and ram solid. 

7. With slick, strike off sand on both ends of core box so sand core is 
flush with box. 

8. Remove the vent wire from the core and lay aside. 

9. Rap box lightly. 

10. Remove clamps and lay aside. 

11. Open core box. 

12. Roll out core on rack beside work station. 

13. Clean core box with kerosene rag. 

Time Studies 

The following summary includes the time studies used in developing this 
formula: 


Time Study No. 

Part Number 

Plant 

Date Taken 

Taken B 

S 13. 

P-1472 

PB-1472 

A 

6-15-54 

Black 

S--111. 

P-1106 

PR-1106 

A 

12-11-54 

Black 

S--45. 

P-1901 

PB-1901 

A 

7-13-54 

Hirsch 

S-46. 

P-1907 

PB-1907 

B 

7-14-54 

Black 

S-47. 

P-1908 

PA-1908 

B 

7-14-54 

Black 

S-32. 

P-1219 

PA-1219 

A 

8-10-54 

Black 

S-76. 

P-1711 

PA-1711 

A 

11-12-54 

Obe 

S-70. 

P-1701 

PB-1701 

B 

11-9-54 

Obe 

S--17. 

P-1311 

PB-1311 

B 

6-16-54 

Black 

S-18. 

P-1312 

PB-1312 

B 

6-16-54 

Black 

S-59. 

P-1506 

PB-1506 

A 

7-26-54 

Hirsch 

S-60. 

P-1507 

PB-1507 

A 

7-26-54 

Hirsch 

S-50. 

P-1497 

PB-1497 

B 

7-19-54 

Obe 

S-51. 

P-1498 

PA-1498 

B 

7-20-54 

Obe 

S-52. 

P-1499 

PA-1499 

B 

7-21-54 

Obe 

S-53. 

P-1500 

PA-1500 

B 

7-21-54 

Obe 

S-54. 

P-1501 

PA-1501 

B 

7-22-54 

Obe 
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Table op Detail Elements 


Symbol 

Element Description 

Decimal Minute 
Allowed Time 

Reference 

A-l. 

Close core box 

.046 

Average 

B-l. 

Clamp core box 

.112# 

Time vs. no. clamps 

C-l. 

Fill partly full of sand 

Y X CT 

Time vs. L/D & vol. 
Time vs. vol. 

D-l. 

Pam 

Y X CT 

Time vs. L/D & vol. 
Time vs. vol. 

E-l. 

Place rod and wire 

.0153L + .03 

Time vs. length 

F-l. 

Fill and ram 

Y X CT 

Time vs. L/D & vol. 
Vs. vol. 

G-l. 

Strike off 

.0157 A + .07 

Time vs. area 

H-l . 

Remove vent wire 

.047 

Average 

J-l . 

Rap box 

.043 

Average 

K-l. 

Remove clamps 

.061# 

Time vs. no. clamps 

M-l. 

Open box 

.046 

Average 

N-l. 

Roll out core 

.0057L + .045 

Time vs. length 

P-1 . 

Clean box 

V-0067 + .0000167 2 

Time vs. volume 


Synthesis 

Allowed time = Sum of allowed elemental time 

= A—1 + B—1 + C-l + D-l + E—1 + F—1 + G-l 
+ H— 1 + J-l + K—1 + M—1 + N— 1 + P-1 . 

Since Elements C-l, D-l, and F-l are all dependent on the variables 
volume and length/diameter, their values may be combined before plotting 
on co-ordinate paper. The combined values for these three elements for the 
seventeen time studies are: 


Study No. C-l + D-l + F-l 

S-13.1.045 

S-lll.1-017 

S—45.1.235 

S-46.647 

S-47.1.325 

S-32.1.110 

S-76.500 

S-70.1.362 

S-17.1.032 

S-18.659 

S-59.988 

S-60.1.181 

S-50.584 

S—51.1.277 

S-52.888 

S-53.1.481 

S-54.2.065 


For reference purposes, the combination of C-l + D-l -f F-l will be 
designated R-l [see Figures 19-10 and 19-11]. Curves 1 and 2 are used to 
solve the allowed time for these three elements by first getting adjustment 
factor from curve 1 and then getting the adjusted time from curve 2. The 
product of these two values will give the allowed time for C-l + D-l + F-l. 
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L 

D 


FIG. 19-10. 

The time for elemental E-l (place rod and wire) has been plotted on 
curve 3 [see Figure 19—12], where its relationship to core length is shown. 
This curve can be expressed algebraically by the equation: 

T=fv + C 

or 

Time = (slope) (length) -f- y intercept. 

Solving graphically: 

.210-TOO .110 
* ~ 12-4.8 ~ 7.20 
= .0153 

C = .03 (from graph) . 

Thus: 


Time = .0153L + .03 . 
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VOLUME (CUBIC INCHES) 

FIG. 19-11. 

Element G-l (strike off) has also been solved as a straight-line relation¬ 
ship. Here a cross-sectional area of the core has been plotted against time 
(see curve 4) [Figure 19—13]. In this case 

Time = (/)(area) + .07 

and 

.132 - .08 _ .052 
' - 4 - .7 3.3 

/ =* .0157 . 

Then: 

Time = .0157 A + .07 . 

Element N-l (Roll out core) is shown on curve 5 [see Figure 19-14] 

Here 

Time = f (length) + .045 

and 

.125 - .068 

* ~ 14-4 

= .0057. 

Then: 


Time = .0057L + .045 . 



TIME (MINUTES 
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t™ . j/TTf 


_ , (» 2 )(.082) 2 

•082 2 f 400 


= V .0067 + .000016t) 2 . 

reroective^ilin ^V -1 ’ were classified as constants with the following 
oT/^rtrr 65 determmed b 7 takin g their average values: .046, 
ini 7 ;, '°f ’ f 46 ' ^ hen these constants are added to the sum of the y 

“Luteis dS“ i°„ f ed e : qUa " 3 ’ 4 * ^ 5 ’ 3 t0tal COnStant Ume of ^ 


A-l. 

Curve 3 intercept 

H-l. 

Curve 4 intercept 

J-l. 

M-l. 

Curve 5 intercept, 


.046 

.030 

.047 

.070 

.043 

.046 

.045 


Ct ~ .327 minute 
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Both elements B-l and K-l are proportional to the number of clamps 
N, Thus, these two elements may be combined for simplicity as follows: 

B-l = .112 N 
K-l = .061A 
S- 1 = .173#. 

Since elements E-l (place rod and wire), and P-1 (roll out core) are 
proportional to length of core, we may combine their equated relationships 
with length and designate the combined total by the Symbol T-l 
Thus: 

E-l = .01531 
N-l = .0057 L 
T-l = .0210L . 

Simplifying our initial equation: 

Allowed Time = S-l + T-l + P-1 + R-l + G-l + C T 
= .173A + .0210L + V 0067 + .000016P 
+ Y X CT + .0157A + .327 



VOLUME OF CORE {CUBIC INCHES} 


FIG. 19-15. 
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Inspection 

The only inspection requirement on the cores covered by this formula is 
visual inspection done by the operator at the time the core is rolled free 
from the core box. 


Payment 

This formula is to be used in development of allowed times that will be 
applied to individual standards in a one-for-one incentive wage payment 
plan. 

Approved: John Purdy Scott Dickinson 

Supervisor Formula Constructor 


Conclusion 

Through the design of a time study formula, it is possible to establish 
standards in a fraction of the time required by taking individual studies. 
However, before a formula is released for use, the mathematics used in 
its development should be carefully checked to assure that the expression 
is correct. Then, too, several test cases should be tried to be certain that 
the formula will establish true, consistent standards. The formula should 
be clearly identified as to its range of application, and in no case should 
standards be established with data that are beyond the scope of the for¬ 
mula. 

In summary, the following steps represent the chronological procedure 
in time study formula design: 

1. Collect data 

a ) Using time studies already available 

b) Using standard data already available 

c) Taking new time studies 

2. Compile master work sheet and identify formula 

3. Analyze and classify elements 

a) Constants 

b) Variables 

4. Develop synthesis 

5. Compute the final expression 

6. Check mathematics of developed formula 

7. Test formula 

8. Write formula report 

9. Use the formula 

By systematically following these nine steps, the analyst will have little 
difficulty in designing reliable time study formulas. 

TEXT QUESTIONS 

1. What advantages does the formula offer over standard data in the estab¬ 
lishment of time standards? 

2. Is the use of time study formulas restricted to machine shop operations 
where feeds and speeds influence allowed times? Explain. 
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3. What are the characteristics of a sound time study formula? 

4. What is the danger of using too few studies in the derivation of a formula? 

5. What is the function of the synthesis in the formula report? 

6. Write the equation of the ellipse with its center at the origin and axes 
along the co-ordinate axes and passing through (2, 3) and (—1, 4). 

7. Find the equation of the hyperbola with center at (0, 0) and a = 4, 
b — 5, focci on the y axis. 

8. What fourteen sections make up the formula report? 

9. What nine steps represent the chronological procedure in the design of 
time study formulas? 

10. Explain in detail how it is possible to solve graphically for time when two 
variables are influential and they cannot be combined. 

11. Develop an algebraic expression for the relationship between time and 
area from the following data: 


Study No. 1 2 3 4 5 

Time. 4 7 11 15 21 

Area.28.6 79.4 182 318 589 


12. If the data shown in Figure 19-5 were plotted on logarithmic paper, would 
the plotting be a straight line? Why? 

GENERAL QUESTIONS 

1. Would the company union prefer standards to be set by means of formulas 
or standard data? Why? 

2. Would it be necessary for the “chart and formula” designer to have a back¬ 
ground in time study work? Why? 

3. If an operator objected strongly to a rate established through a formula, 
explain in detail how you would endeavor to prove to him that the rate 
was fair. 







CHAPTER 20 


Work Sampling Studies 


WoKK SAMPLING IS A TECH- 

nique for analyzing work for the purpose of finding allowances applicable 
to the job, for the determining of machine utilization, and for establishing 
standards of production. This same information can be obtained by time 
study procedures. Work sampling is a method that frequently will pro¬ 
vide the information faster and at considerably less cost than by stop¬ 
watch techniques. 

In conducting a work sampling study, the analyst takes a compara¬ 
tively large number of observations at random intervals. The ratio of the 
number of observations of a given state of activity to the total number of 
observations taken will approximate the percentage of time that the 
process is in that given state of activity. For example, if 10,000 observa¬ 
tions at random intervals over a period of several weeks showed that a 
given automatic screw machine was turning out work in 7,000 instances, 
and in 3,000 instances, it was idle for miscellaneous reasons, then it would 
be reasonably certain that the down time of the machine would be 30 
per cent of the working day, or 2.4 hours, and the effective output of the 
machine would be a matter of 5.6 hours per day. The application of work 
sampling was first made by L. H. C. Tippett in the British textile industry. 
Later under the name "ratio-delay” study, 1 it received considerable at¬ 
tention in this country. The accuracy of the data determined by work 
sampling depends upon the number of observations; unless the sample 
size is of sufficient quantity, inaccurate results will occur. 

The work sampling method has several advantages over that of acquir¬ 
ing data by the conventional time study procedure. These are: 


a R. L. Morrow, Time Study and Motion Economy (New York: Ronald Press Co., 
1946). 
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1. It does not require continuous observation by an analyst over a long pe¬ 
riod of time. 

2. Clerical time is diminished. 

3. The total man-hours expended by the analyst are usually much fewer. 2 

4. Operator is not subjected to long-period stop-watch observations. 

5. Crew operations can be readily studied by a single analyst. 

The whole theory of work sampling is based on the fundamental laws 
of probability. If at a given instant an event can either be present or ab¬ 
sent, statisticians have derived the following expression, which shows the 
probability of x occurrences of an event in n observations: 

(p + q) n = i 

p = the probability of a single occurrence 
q = (1 — p) the probability of an absence of occurrence 
n = number of observations 

If the above expression, (p + q) n = 1, is expanded according to the 
Binomial Theorem, the first term of the expansion will give the probabil¬ 
ity that x = 0, the second term x = 1, and so on. The distribution of these 
probabilities is known as the Binomial Distribution. Statisticians have also 
shown that the mean of this distribution is equal to np and the variance 
is equal to npq. The standard deviation is, of course, equal to the square 
root of the variance. 

One may now logically ask, of what value is a distribution that allows 
only one event to either occur or not occur? For the answer to this, con¬ 
sider the possibility of taking one condition of the work sampling study 
at a time. All the other conditions can then be considered as nonoccur¬ 
rences of this one event. Using this approach we can now proceed with 
the discussion of binomial theory. 

Elementary statistics tell us that as n becomes large the Binomial Dis¬ 
tribution approaches the Normal Distribution. Since work sampling stud¬ 
ies involve quite large sample sizes the Normal Distribution is a satisfac¬ 
tory approximation of the Binomial Distribution. Rather than use the 
Binomial Distribution with a mean of np and a standard deviation of 
A /npq, we can use the distribution of a proportion with a mean of p (i.e., 

f ~ S j and a standard deviation of In work sampling 

studies, we take a sample of size n in an attempt to estimate p. We know 
according to elementary sampling theory that we cannot expect the p' 

( p ' = the proportion based on a sample) of each sample to be the true 
value of p . We do however, expect the p f of any sample to fall within the 
range of p ± 2 sigma approximately 95 per cent of the time. In other 
words, if p is the true percentage of a given condition, we can expect p' 
of any sample to fall outside the limits p ± 2 sigma only about 5 times in 
100 due to chance alone. This theory will be used to derive the total sam- 

2 Ibid., p. 334. 
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pie size required to give a certain degree of accuracy. It will be used 
also for sub-sample sizes a little later. 

Determining Observations Needed 

In order to determine the number of observations needed, the analyst 
must know how accurate his results must be. The larger the number of 
observations, the more valid the final answer will be. Three thousand 
observations will give considerably more reliable results than three hun¬ 
dred. However, if the accuracy of the end result is not the prime con¬ 
sideration, three hundred observations may be ample. 

In random sampling procedures, there is always the chance that the 
final result of the observations will be beyond the acceptable tolerance. 
These sampling errors will diminish as the size of the sample increases. 
The standard error of a sample percentage shown in most textbooks on 
statistics may be expressed by the equation: 



where 

<t p = the standard deviation of a percentage 

p = true percentage occurrence of the element being sought expressed 
as a decimal 

n = total number of random observations upon which p is based 

By approximating the true percentage occurrence of the element being 
sought and knowing the allowable standard error permitted, it is pos¬ 
sible to substitute back in the above expression and compute n. 

„ P(1 - P) 

n = ——r— 

o-p 2 

For example, it is desired to determine the number of observations re¬ 
quired with 95 per cent confidence so that the true proportion of personal 
and unavoidable delay time is within the interval 6-10 per cent. It is ex¬ 
pected that the unavoidable and personal delay time encountered in the 
section of the plant under study is 8 per cent. These assumptions ex¬ 
pressed graphically in terms of the normal curve are shown in Fig¬ 
ure 20-1. 

In this case, p would equal .08 and cr p would equal 1 per cent or .01. 
Using these values, we can solve for n as follows: 

.08 (1 - .08) 
n ~ (. 01) 2 

= 736 observations 

Frequently it is desirable to express the interval of the element being 
sought as a per cent element tolerance. In the example given, we use a 
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± 25 per cent element tolerance (.02/.08). To simplify the calculation of 
n for varying tolerances of the element being sought for a given confi¬ 
dence level, it is possible to construct an alignment chart. Figure 20-2 
illustrates such an alignment chart for 95 per cent confidence limits (±2 
standard deviations). 

After the initial estimate of the number of observations have been ob¬ 
tained, a more accurate estimation of p may be computed. By using the 


above equation, n — 


p(i-p) 


, again the achieved accuracy is computed. 


If the achieved accuracy is as good or better than the desired accuracy, we 



FIG. 20—1. Distribution of percentage of unavoidable delay allowances required within a 

given section of a plant. 

accept this p' as the true value of the population value p. If the desired 
accuracy has not been obtained, more observations are taken and the 
above process is repeated. 

Determine the Frequency of the Observations 

The frequency of the observations is dependent for the most part on 
the number of observations required and the time limit that has been 
placed on the development of the data. For example, if 3600 observations 
were needed and the study was to be completed in 30 calendar days, 
we should need to obtain approximately: 

3600 observations . 0 . . . , 

----— iso observations per working day 

20 working days 

Of course, the number of analysts available and the nature of the 
work being studied will also influence the frequency of the observations. 
For example, if only one analyst is available and if he is accumulating 
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allowance data on a limited battery of facilities, it may be impractical 
for him to take 180 observations during one working day. Once the 
number of observations per day has been determined, then the actual 
time that the analyst records his observations must be selected. In order 

NUMBER OF 
OBSERVATIONS 



FIG. 20—2. Nomogram to determine number of random observations for 95 per cent confidence 

limits. 

to obtain a representative sample, it is important that observations be 
taken at all times of the working day. 

In the example cited, we may assume that one analyst is available 
and that he is studying a battery of 20 turret lathes in order to determine 
personal and unavoidable delay allowance. He has calculated that 180 
observations per day will be required and since he has 20 machines 
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to observe, he must make 9 random trips to the machine floor everv 
8-hour worki ng day for a period of 20 days. The time of day selected for 
these 9 observations should be chosen at random daily. Thus no set pat¬ 
tern should be established from day to day as to the appearance time of 
the analyst on the production floor. 

One method that may be used is to select daily 9 numbers from a 
statistical table of random numbers, ranging from 1 to 48 (see Appendix 
3 Table XLI). Let each number carry a value in minutes equivalent to 
10 times its size. The numbers selected can then set the time in 
minutes from the beginning of the working day to the time for taking 
the observations For example, the random number 20 would mean that 
the analyst should make a series of observations 200 minutes after the be- 
ginning of the shift. If the working day began at 8:00 a.m., then at 20 
minutes after 11:00 a.m. an inspection of the 20 turret lathe operators (in 
the example cited above) would be made. 

Observing and Recording the Data 

shonVLcV 600 ^ C :r enientlV T necessar y ^formation, the analyst 
should design a chart for posting the frequency of events as they occur 

A representative sample form for a shift study is shown in Figure 20-3 
Here 6 random observations of each facility were made per shift A digit 
designating the particular observation was indicated in the space pro¬ 
vided for the state of each facility under study. Since 14 facilities were 
being studied, a total of 84 observations were made per shift. 

As the analyst approaches the work area, he should not anticipate the 
recording he expects to make. He should walk to a point a given distance 
from the facility, make his observation, and record the facts. It might be 
helpful to make an actual mark on the floor on which the analyst must 
s and before making his observations. If the operator or machine being 
studied is idle, the analyst should determine.the reason for idleness com 
firming the reason with the line foreman before making the proper entry 
The analyst should learn to take visual observations, making his written 
entries after leaving the scene of the work area. This will minimize a 
feeling of being watched on the part of the shop workers and they will 
perfoim m their accustomed manner. ^ 

To help assure that the operators perform in their usual fashion, it is 
advisable to inform them of the purpose of the study. The fact that no 

t6ndS t0re i T * e °P erators of a cer tain mental tension; 
httle difficulty is experienced in getting their full co-operation. 

Application in Establishing Allowances 

lish^entof^r 05 * eXte rT USe V )f WOrk Sam P liri g has been to the estab- 
tniW f T anC f be USed in con i urictiori with normal times so as 
to determine allowed times. However, the technique is also being used 

for establishing standards of production, for determining machine utili- 





FIG. 20-3. Observation fora, for recording events on 14 facilities daring work sampling study. 
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zation, for allocation of work assignments, and for methods improve- 
ments. r 

As explained in Chapter 16, the determination of time allowances must 
be correct if fair standards are to be realized. Prior to the introduction 
of work sampling, allowances for persona] reasons and unavoidable de¬ 
lays were frequently determined by taking a series of all-day studies on 
several operations, and then averaging the results. Thus, the number of 
trips to the rest room, the number of trips to the drinking fountain, the 
number of interruptions, and so forth could be recorded, timed, and 
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FIG. 20 4. Summary of interruptions on various classes of work taken from work sampling study 
for determination of unavoidable delay allowance. 


analyzed, and a fair allowance determined. Although this method gave 
the answer, it was a costly, time-consuming operation that was fatiguing 
to both the analyst and the operator. Through ratio delay study, a 
great number of observations (usually over 2,000) are taken at different 
times of the day, and of different operators. Then, if the total number of 
legitimate occurrences other than work that involve the operators is 
divided by the total number of working observations, the result will tend 
to equal the percentage allowance that should be given the operator for 
the class of work being studied. The different elements that enter into 
personal delays and unavoidable delays can be kept separate, and an 
equitable allowance determined for each class or category. Figure 20-4 
illustrates a summary of a ratio delay study for determining unavoidable 
delay allowances on bench, bench machine, machine, and spray opera- 







384 MOTION AND TIME STUDY 

tions. It will be noted that in 26 cases out of 2,895 observations made on 
bench operations, there were interferences. This indicated an unavoid¬ 
able delay allowance of .95 per cent on this class of work. 

Application in Determining Machine Utilization 

Machine utilization is readily determined by the work sampling tech¬ 
nique in the same manner that was explained in establishing allowances. 
In order to give the reader a clearer understanding of the steps involved, 
a case history will be related. 

It was desired to gain information as to machine utilization in a 
section of a heavy machine shop. Management had estimated that actual 
cutting time in this section should be 60 per cent of the working day in 
order to comply with quotations being submitted. There were 14 facil¬ 
ities involved in this section of the shop and it was estimated that approx¬ 
imately 3,000 observations should be taken in order to get the accuracy 
desired. 

A work sampling form was then designed (see Figure 20-3) to accom¬ 
modate the 16 possible states that each of the facilities under study might 
be in at the time of an observation. 

In order to assure random observations, a random pattern of visitation 
to the shop area was established. Six observations of the 14 facilities 
were made during each shift. To get the required total number of obser¬ 
vations, 36 separate shifts were observed—12 studies on each of the three 
shifts. 

Since there were 14 machines and 6 observations of each per shift, 
a quick check for 84 separate readings per sheet assured complete 
coverage of the shift (see Figure 20-3). Each trip took the analyst about 
15 to 20 minutes, thus he was occupied on this work only about 2 hours 
per shift, leaving him free to perform his other work during the remain¬ 
ing 6 hours. 

Since it was principally desired to learn the status of the actual cutting 
time in this section, a cumulative percentage machine cutting chart was 
kept (see Figure 20-5). At the beginning of each day’s study, all previous 
cutting observations were taken cumulatively as a ratio to the total 
observations to date. By the end of the tenth day of study, the percent¬ 
age of machine cutting time began to level off at 50.5 per cent. 

After 36 shifts had been studied, the sums of all observations in each 
category divided by the total number of observations resulted in percent¬ 
ages which represented the distribution of the cutting time, set-up time, 
and the various delay times listed. Figure 20-6 illustrates the summary 
sheet of this study. It will be noted that cutting time amounted to 50.7 
per cent. The percentage of time required by the various delays indi¬ 
cated areas for method improvement that would help increase the cutting 
time. 
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NUMBER OF OBSERVATION DAYS 
FIG. 20-5. Cumulative percentage machine cutting. 

Application in Establishing Indirect Labor Standards 

Some companies 3 are finding this tool applicable for the establishment 
ot incentive standards on indirect labor operations. The technique is the 
same as for allowance determination. A large number of random observa- 
tions is taken; then the percentage of the number of observations that 
the facility or operation is working will approximate the percentage time 
that it is truly in that state. 

One company’s technique for taking work sampling studies on clerical 
operations is to take observations on each operator at one-minute inter¬ 
vals. The various elements of work in which the operator may be en¬ 
gaged are assigned identifying numbers, and the analyst, at the time of 
the observation, merely checks the appropriate number in the space pro¬ 
vided on his form. Every five minutes, the analyst rates the performance 
of the operator in the space provided. At the end of the study, a selective 
average rating factor is determined. 

The normal minutes required for a given element of work may be ex- 
pressed: J 


T - PXN 
Pa 

where 

T n = Normal minutes to perform the element 
P = Selective average rating factor 
N = Total observations for the given element 
P a = Total production for period studied 

For example, in order to determine the normal time for the element 
write re port heading on one BM report,” the analyst may have prepared 

3 Aluminum Company of America and Douglas Aircraft Co. 
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a work sampling study showing 84 observations during which the em¬ 
ployee was actually engaged in performing this work element During 
the study period, 12 reports were made and it was determined that the 



FIG. 20-7. Work sampling time study form for studying clerical operations. 

selective average rating factor was 110 per cent. The normal time would 
then equal: 


(110%) (84) 
12 reports 


7.7 minutes normal time per report heading 


Figure 20-7 illustrates the study form developed for taking a 40-minute 
study. The columns I, P, and M are to accommodate idle, personal de¬ 
lays, and miscellaneous observations. Under the column headed “Lev” is 
recorded every 5 minutes the performance factor of the operator. The ac- 
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companying table illustrates representative standard data developed by 
the technique just outlined. 


Punch and Verify Standard Elements 
(Punch and Verify Section of Tabulating Department) 



Normal 


Code 

Min./Occ. 

Description 

P1001 

.377 

Get Material from Work Table. Operator gets up from workplace, 
walks (4 feet to 22 feet) to obtain material, returns to workplace. 

P1002 

.356 

Put Program Card on Machine. Operator selects proper program 
card from small card file (4 X l l A inch) at normal arms length on 
worktable at left. Operator removes program cylinder from ma¬ 
chine, attaches program card, and locks cylinder in machine. (In¬ 
cludes remove previous program card.) 

P1003 

.016 

Remove Cards from Machine; Stamp Copy. Operator removes cards 
from machine receptacle at left, stamps copy (invoices, order IBM 
list, etc.), with operator identification stamp. 

P1004 

.071 

Tube Code Reference. Operator refers to reference board to obtain 
tube type tabulating code (6 digits). Reference board is indexed 
by RTMA tube type descriptions. 

P1005 

.065 

Place Cards and Copy in Work Bin. Operator places copy and 
cards in slots beneath worktable on left. Normal arm’s reach. 

P1006 

.377 

Give Cards and Copy to Verifier. Operator gets up, walks (4 to 22 
feet), and places cards and copy on worktable of verifier. 

P1007 

.300 

Punch Group Card. Operator punches group card containing in¬ 
formation common to the group of work (see individual descrip¬ 
tion). 

P1008 

.300 

Punch Work Card. Operator punches work card containing in¬ 
formation common to the particular unit (order, invoice, bill, 
etc.) (see individual description). 

P1009 

.300 

Punch Total Card. Operator punches card containing common or 
total information (see individual description). 

P1010 

Chart 

Punch Detail Card. Operator punches detail card containing in¬ 
formation partially duplicated from group. Work on total card 
and punches information relevant to the individual item (ex: a 
particular tube type as an item on an order). 

P1011 

Chart 

Punch Delivery Date Card. Operator punches card bearing delivery 
dates of individual items. 


This company’s technique can be criticized in that random observa¬ 
tions have not been taken. Consequently, biased results could occur. For 
example, some short cyclic element may be completely omitted by taking 
observations at regular one-minute intervals. This would not happen if 
sufficient random observations were taken. The expression used by this 
company for establishing standards on office work can be modified so as 
to be applicable on work sampling studies involving random observa¬ 
tions rather than regular ones a minute apart. This may be expressed: 

T _ (n)(T)(P) 

° (Pa) (AO 
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T a — Allowed elemental time 
P = Performance rating factor 
P a = Total production for period studied 
n = Total observations of element under study 
N — Total observations of study 
T = Total operator time represented by study 

For example, assume a standard was to be established on the mainte¬ 
nance operation of lubricating fractional horsepower motors. If a work 
sampling study of 120 hours revealed that, after 3,600 observations, 
lubrication of fractional horsepower motors on the facilities being stud¬ 
ied was taking place in 392 cases and a total of 180 facilities using 
fractional horsepower motors were maintained and the average perform¬ 
ance factor was .90, then the allowed time for lubricating a fractional 
horsepower motor would be: 

(392 observations) (7,200 minutes) (.90 performance factor) _ 

(180 total production) (3,600 total observations) 

(392) (7,200) (.90) _ 

(180) (3,600) 

3.92 minutes to lubricate one fractional horsepower motor. 

It can be seen that this tool has many applications. Machine down 
time can be determined, the relative amount of setup and put-away ele¬ 
ments for all classes of work can be made known, and the relative amount 
of manual, mental, and delay times for clerical work, direct labor, and 
administrative work can be studied for establishing the ideal work as¬ 
signments and methods procedures. 

Selling Work Sampling 

Before beginning a program of work sampling, it is a good idea for the 
analyst to sell the use and the reliability of the tool to all members of the 
organization who are to be affected by the results. If it is to be used for 
establishing allowances, it should be sold to the union and the foreman, 
as well as company management. This can be done by having several 
short sessions with representatives of the various interested parties and 
explaining examples of the law of probability, thus illustrating why ratio 
delay procedures will work. Unions as well as workmen look with favor 
upon work sampling techniques, once the procedure is fully explained, 
since work sampling is completely impersonal, does not utilize the stop 
watch, and is based on accepted mathematical and statistical methods. 

In the initial session where work sampling is explained, the simple 
study in tossing unbiased coins may be used. All participants will, of 
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course, readily recognize that a single coin toss stood a 50-50 chance of 
being heads. When asked how they would have determined the proba- 
bility of heads versus tails, they undoubtedly will propose tossing a coin 
a few times to find out. When asked if two times is adequate, they will 
respond "No.” Ten times may be suggested and the response will be 
that may not be adequate.” When 100 times is suggested, the group 
will agree: "That should do it with some degree of assurance.” This 
example will firmly plant the principal requisite of work sampling— 
adequate sample size to insure statistical significance. 

The instructor would next discuss the probable results of tossing four 
unbiased coins. It can be explained that there is only one arrangement in 



FIG. 20—8, Distribution of number of heads with infinite number of tosses using four unbiased 

coins. 


which the coins can fall showing no heads, only one arrangement that 
permits all heads. However, three heads can result from four possible 
arrangements and likewise one head can result from four possible ar¬ 
rangements. There are six possible arrangements that will give two 
heads. 

With all sixteen possibilities thus accounted for, the group will rec¬ 
ognize that if four unbiased coins are tossed continually they will dis¬ 
tribute themselves as shown in figure 20-8. 

After the above explanation and the demonstration of this distribution 
by making several tosses and recording the results, it will readily be 
accepted that a hundred tosses could demonstrate a normal distribution. 
Furthermore, it will be understood that a thousand tosses would probably 
approach a normal distribution more closely and a hundred thousand 
would give a nearly perfect distribution, but not sufficiently more accu¬ 
rate than the thousand toss distribution to be economically worth the 
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extra effort. Here the idea of approaching significant accuracy rapidly 
at first, and then at a diminishing rate, can be established. 

Now it can be pointed out that a machine or operator could be in a 
heads or tails state. For example, a machine could be running (heads) or 
idle (tails). An example can be demonstrated where 360 observations 
are made on a turret lathe. These observations might give the following 
data: 
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252 


708 


360 


PERCENT 


70 


30 


100 


A cumulative plot of ‘running” would level off, giving an indication 
as to when it would be safe to stop taking readings (see Figure 20-9). 



All those in attendance would understand that “idle” machine time 
could be broken down into the various types of interruptions and delays 
and could be accounted for and evaluated. 

Once the validity of work sampling has been sold up and down the 
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line, the analyst then should clearly define his problem. If he wishes to 
establish allowance data, he should make a summary of all elements that 
customarily are included in the various allowance categories. To do this, 
he would be wise to make a preliminary survey of the class of woik for 
which the allowances are to be determined. It may be necessary to 
spend several hours on the production floor observing all types of 
delays encountered, so that the element listing can be complete. 


ELEMENT 
MEASURED 
(PER CENT) 



Use of Control Charts 

The control chart techniques, used so extensively in statistical quality 
control work, can be applied readily to work sampling studies. Since work 
sampling studies deal exclusively with percentages or proportions, the 
“p” chart is most used. 

In order to understand how the p chart can be of value in a work 
sampling study, the reader should have an understanding of the theory 
behind control charting. While a complete discussion of control chart 
theory is impractical in a text of this nature, a brief discussion will now be 
presented so as to enable the reader to see the logic in the use of control 
charts. 

The first problem encountered in setting up a control chart is the 
choice of limits. In general, a balance is sought between the cost of look- 
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ing for an assignable cause when there is none present and not looking 
for an assignable cause when there is one present. As an arbitrary choice 
the 3 sigma limits will be used throughout the remaining discussion for 
establishing control limits on the “p >? chart. 

Suppose p for a given condition is .10 and samples of size 180 are taken 
each day. By substituting in equation (1), control limits of ±.07 are ob¬ 
tained. The nomogram (Figure 20-10) is designed to give the correct 3 
sigma limits for various sample sizes and various values of p. A control 
chart similar to Figure 20-11 could then be constructed. The p' values for 
each day would be plotted on the chart. 
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FIG. 20-11. 


Equation (1) 2><r v — 3 




V (1 ~ v) 


What does a control chart indicate? In quality control work we say that 
the control chart indicates whether or not the process is in control. In a 
similar manner, the analyst in work sampling considers points beyond 3 
sigma limits of p out of control. Thus, a certain sample that yields a value 
of p' is assumed to have been drawn from a population with an expected 
value of p if p' falls within the plus or minus three sigma limits of p. Ex¬ 
pressed another way, a sample with a value p' is assumed to be from some 
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different population or the original population has been changed if p f falls 
outside the 3 sigma limits. 

As in quality work, points other than those out of control may be of 
some statistical significance. For example, it is more likely that a point 
will fall outside the 3 sigma limits than that 2 successive points will fall 
between the 2 and 3 sigma limits. Hence, 2 successive points between 
the 2 and 3 sigma limits would indicate that the population had changed. 
Series of significant sets of points have been derived. This idea is dis- 



DAY 

FIG. 20-12. 

cussed in most statistical quality control texts under the heading of 
“Theory of Runs.” 

A hypothetical example will show how control charts can facillitate a 
work sampling study. Company XYZ wishes to measure the percentage of 
machine down time in the lathe department. An original estimate shows 
down time to be approximately .20. The desired results are to be within 
±5 per cent of p with a level of significance of .95. The sample size is 
computed to be 6,400. It was decided to take the 6,400 readings over a 
period of 16 days at the rate of 400 readings per day. A p ' value was 
computed for each daily sample of 400. A p chart was set up for p = .20 
and subsample size N = 400 (see Figure 20-12). Readings were taken 
and p ' was plotted each day. On the third day the point for p ' went above 
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the upper control limit. An investigation revealed there had been an acci¬ 
dent in the plant and several of the men had left their machines to assist 
the injured employee to the plant hospital. Since an assignable cause of 
error was discovered, this point was discarded from the study. If a control 
chart had not been used, these observations would have been included in 
the final estimate of p. 

On the fourth day the point for p' fell below the lower control lfinit. No 
assignable cause could be found for this occurrence. The industrial engi¬ 
neer in charge of the project also noted that the p' values for the first two 
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days were below the mean p. He decided to compute a new value for p 
using the values from days 1, 2, and 4. The new estimate of p turned out 
to be .15. To obtain the desired accuracy n is now only 5,700 observations. 

The control limits also change as shown in Figure 20-13. Observations 

were taken for 12 more days and the individual p f values were plotted on 
the new chart. As can be seen, all the points fell within the control limits. 
A more accurate value of p was then calculated using all 6,000 observa¬ 
tions. The new estimate of p was determined to be .14. A recalculation of 
achieved accuracy showed it to be slightly better than the desired accu¬ 
racy. As a final check, new control limits were computed using p equal to 
.14. The dashed lines superimposed on Figure 20-13 showed that all 
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points were still in control using the new limits. If a point would have 
fallen out of control, it would have been eliminated and a new value of p 
would have been computed. This process would then be repeated until 
the desired accuracy is achieved and all p f values were in control. 

One may ask, is there any reason to assume that since the per cent 
down time today is .14 that it will be .14 a year from now? Improvement 
should be a continuing process and per cent “down” time should 

iminish. One purpose of work sampling is to determine areas of work 
which might be improved. After discovering such areas, an attempt is 
made to improve the situation. Control charts can be used to show 
progressive improvement of work areas. This idea is especially important 
if work sampling studies are used to establish standard times, for such 
standards must be changed whenever conditions change if they are to 
remain realistic. 7 

Conclusion 

The work sampling method is another tool that has been made avail¬ 
able to the time and methods study analyst that allows him to get the 
facts in an easier, faster way. Every person who is in the field of meth¬ 
ods, time study, and wage payment should become familiar with the 
advantages, limitations, uses, and application of this technique. In sum¬ 
mary the following considerations should be kept in mind: 

1. Explain and sell the work sampling method before putting it to use. 

2. Confine individual studies to similar groups of machines or operations 

3. Use as large a sample size as is practical. 

4. Take individual observations at random times so that observations will 
be recorded for all hours of the day. 

5. The observations should be taken over a reasonably long period of time 
(two weeks or more). 


TEXT QUESTIONS 

1. Where was work sampling first used? 

2. What advantages are claimed for the work sampling procedure? 

3. In what areas does work sampling have application? 

4. How many observations should be recorded in determining the allowance 
tor personal delays in a forge shop if it is expected that a 5 per cent per¬ 
sonal allowance will suffice, and this value is to remain between 4 and 6 
per cent 95 per cent of the time? 

5. How is it possible to determine the time of day to make the various ob¬ 
servations so that biased results will not occur? 

6. What considerations should be kept in mind relative to the taking of work 
sampling studies? 

7. To get ±5 per cent precision on work that is estimated to take 80 per cent 
of the workers time, how many random observations will be required at the 
95 per cent confidence level? 


!'■ . 

if 
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8. If the average handling activity during a 10-day study is 82 per cent and 
the number of daily observations is 48, how much tolerance can be al¬ 
lowed on each day’s per cent activity? 

GENERAL QUESTIONS 

1. Is there an application for work sampling studies in the determination of 
fatigue? Explain. 

2. How can the validity of work sampling be sold to the employee who is not 
familiar with probability and statistical procedure? 




CHAPTER 21 


Establishing Standards on Indirect 
Work 


Since 1900 the percentage in- 
crease of indirect workers has more than doubled that of direct labor 
workers. Groups which usually are classified as indirect labor include 
shipping and receiving, trucking, stores, inspection, office clerical, tool¬ 
room, janitorial, and maintenance. 

This rapid growth in the number of office workers, maintenance 
workers, and other indirect employees is due to several reasons. First, 
the increased mechanization of industry and complete automation of 
many processes has decreased the need for craftsmen and even for 
operators. This trend toward mechanization has resulted in a greater de¬ 
mand for electricians, technicians, and other servicemen. Also, the design 
of complicated machines and controls has resulted in greater demand for 
engineers, designers, and draftsmen. 

Another reason for the rise in the number of indirect employees is 
that office and maintenance work has not been subjected to methods 
study and technical advances that have been applied so effectively to in¬ 
dustrial processes. 

With a large share of most payrolls being earmarked for indirect la¬ 
bor, progressive management is beginning to realize the opportunities 
for the application of methods and standards in this area. 

Automation 

The term automation may be defined as “increased mechanization. A 
manufacturing process that is completely automated is one that is capa- 
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ble of operating for prolonged periods without the use of human effort. 
Few industries or even processes within an industry are completely 
automated. However, there is a pronounced tendency toward semi¬ 
automation in American and European industry. With the increasing 
demand for greater production at lower costs, it is anticipated that as 
much as 20 per cent of American industry will be automated or semi- 
automated within the next decade. 

A program of automation begins with the development of the fully 
automatic machine (such as the automatic screw machine) integrated 
with automatic transfer handling devices, so that a series of operations 
may be performed automatically. 



FIG. 21-1. Die casting with fin so that work can be handled in automated type equipment. 


In order to determine the extent of automation justified, two factors 
should be considered: (1) the quantity requirements of the product, 
(2) the nature or design of the product itself. 

If quantity requirements of the product are large, the design engineer 
will endeavor to design the product so that it lends itself to automation. 
Frequently, by adding something to a part, such as a lug, fin, extension, 
or hole, it will be possible to provide means of mechanical handling to 
and from the work station. Such a redesign can accommodate indexing 
at a work station for successive production operations. For example, a 
holding fin was added to the die casting for producing a compressor 
piston. This permitted mechanical fingers to hold the work while process¬ 
ing, as well as to automatically transport the work between production 
stations (see Fig. 21-1). 
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As automation equipment is developed, the need for effective prevent¬ 
ative maintenance is apparent. A failure of a single minor component 
may cause the shutdown of a complete process or even the entire plant. 
This fact, together with the complexity of automated equipment 
through the use of pneumatic, hydraulic, and electronic controls, brings 
out the reasons for the growth of indirect workers not only in numbers 
but in diversification of occupation. 

Methods Improvements in Maintenance and 

Material Handling Operations 

A program of establishing standards on indirect labor should be pre¬ 
ceded by careful analysis of the existing methods. This in itself invari¬ 
ably will result in the introduction of economies. For example, one large 
plant with considerable line shafting made a study, prior to the estab¬ 
lishment of standards, of the lubrication of the bearings in the shafting 
that was utilizing the time of 60 men. The result was the setting up of 
specific routes throughout the plant for each service employee. This re¬ 
duced the crew for oiling to 29 men. 

Frequently, it is advantageous to provide pipe fitters, millwrights and 
other traveling mechanics with a portable kit of tools that is wheeled 
right to the job. This eliminates the necessity of the mechanic having to 
return to the shop to get some tool that he forgot. Supplies such as 
Allen set-screws, standard fittings, and tape are frequently made a part 
of the mechanic's kit and transported by hand truck along with his tools, 
thus making it unnecessary to make several trips to carry material. 

A careful analysis should be made as to which jobs require helpers 
and which do not. Sometimes maintenance men get in the habit of tak¬ 
ing a helper along to the job whether he is needed or not. 

After good methods have been developed, they must be standardized 
and taught to the workers who will be using them. This seems apparent, 
but is too often neglected by management. 

By giving the same attention to operation improvement in indirect 
work that has been exercised in direct labor operations, industry can get 
good results. 

Maintenance, Material Handling , and Toolroom Standards 

A time standard can be established on any operation or group of op¬ 
erations that can be quantified and measured. If the elements of work 
performed by the electrician, blacksmith, boilermaker, sheet metal 
worker, painter, carpenter, millwright, welder, pipe fitter, material han¬ 
dler, toolmaker, and others performing indirect work, are broken down 
and studied, it usually will be possible to evolve an equitable standard in 
the same manner that standards are established for production work. The 
tools used for establishing standards for indirect work are identical with 
those used in direct work—time study, predetermined motion time 
standards, standard data, time formulas, and work sampling. 
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Thus, a standard can be established for such tasks as hanging a door, 
rewinding a one-horsepower motor, painting a centerless grinder, sweep¬ 
ing the chips from a department, or delivering a skid of 200 forgings. 
Standard times for each of these operations can be established by meas¬ 
uring the time required for the operator to perform the job, then per¬ 
formance rating the study and applying an appropriate allowance. 

Careful study and analysis will reveal more unavoidable delays in in¬ 
direct work than on direct work because of crew balance and interfer¬ 
ence. Crew balance is that delay time encountered by one member of a 
crew while waiting for other members of the team to perform elements 
of the job. Interference time is the time that a maintenance or other 
worker is delayed in waiting for other production workers to do neces¬ 
sary work. Both crew-balance delays and interference delays may be 
thought of as unavoidable delays; however, they are usually character¬ 
istic of indirect labor operations only, such as those performed by main¬ 
tenance workers. 

Because of the high degree of variability characteristic of most main¬ 
tenance and material handling operations, it will be necessary to con¬ 
duct a sufficient number of independent time studies of each operation 
to assure completely that average conditions have been determined and 
that the resulting standard is representative of the time needed for the 
normal operator to do the job under these average conditions. For ex¬ 
ample, if a study indicates that 47 minutes are required to sweep a ma¬ 
chine floor 60 feet wide by 80 feet long, it will be necessary to assure 
that average conditions prevailed when the study was taken. Obviously, 
the work of the sweeper would be considerably more time consuming if 
the shop was machining cast iron than if an alloy steel was being cut. 
Not only is the alloy steel much cleaner, but the chips are easier to 
handle and the fact that slower speeds and feed would be used would 
result in fewer chips. If the standard of 47 minutes was established when 
the shop was working with alloy steel, it would be inadequate when the 
department was producing cast-iron parts. It would be necessary to take 
additional time studies to assure that average conditions had been de¬ 
termined and that the resulting standards were representative of those 
conditions. 

In a similar manner, standards can be established for painting. Thus, 
a standard will be determined for overhead painting based on square 
footage. Likewise, vertical and floor painting can be measured, and time 
standards can be developed on a square-footage basis. 

When painting cylindrical work such as pipe, it is common practice to 
establish time standards based on the lineal feet of pipe of a given 
diameter. Thus, we will have a standard for painting 1-inch pipe, iy 2 - 
inch pipe, 3-inch pipe, and other sizes. 

Just as the automotive industry has established time standards for com¬ 
mon repair jobs such as grinding valves, replacing piston rings, and ad¬ 
justing brakes, so can standards be determined for typical maintenance 
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and repair operations performed on the machine tools within the plant. 
Thus, a set of time standards can be determined for rewinding fractional 
horsepower motors. A standard can be established for the rewinding of 
% HP, % HP, y 2 HP, % HP, and so on. 

Toolroom work is very similar to work done in job shops. The method 
by which such tools as a drill jig, milling fixture, form tool, or die will be 
made can be predetermined quite closely. Consequently, it is possible 
by time study and/or predetermined elemental times for the analyst to 
establish a sequence of elements and measure the normal time required 
for each element. Work sampling provides an adequate tool to deter¬ 
mine the allowances which must be added for fatigue, personal, un¬ 
avoidable, and special delays. The standard elemental times thus de¬ 
veloped can be tabularized in the form of standard data or may be used 
to design time formulas for pricing future work. 

Setting Standards on Office Work 

More and more management is recognizing its responsibility to deter¬ 
mine accurately the appropriate office forces for a given volume of work. 
In order to control office payrolls, management must develop time stand¬ 
ards, as they are the only reliable “yardstick” for evaluating the size of 
any task. 

As for other work, methods analysis should precede work measure¬ 
ment in all office operations. The flow process chart is the ideal tool for 
presenting the facts of the present method. Once presented, the present 
method should be reviewed critically in all of its detail. Such factors as 
purpose of operation, design of forms, office layout, elimination of delays 
resulting from poor planning and scheduling, and adequacy of existing 
equipment, should be considered; the primary approaches to operation 
analysis should be used. 

After the completion of a thorough methods program, standards de¬ 
velopment can commence. Many office jobs are repetitive in nature; 
consequently, it is not particularly difficult to set fair standards. Central 
typing pools, billing groups, file clerks, addressograph operators, punch 
card operators, and tabulating machine operators are representative 
groups that readily lend themselves to work measurement either by stop 
watch or motion picture techniques. In studying office work, the analyst 
should carefully identify element end points, so that standard data may 
be established for pricing future work. For example, in the typing of 
production orders, the following elements of work normally occur on each 
page of each order typed: 

1. Pick up production order from pile and position in typewriter. 

2. Pick up sheet to be copied from, and place in Copy Right. 

3. Read product order instructions. 

4. Type heading on order. 
a. Date 
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h. Number of pieces 

c. Material 

d. Department 

Once standard data have been developed for most of the common 
elements used in the office, time standards can be achieved quite rapidly 
and economically. Of course, many clerical positions within an office are 
made up of a series of diversified activities that do not readily lend 
themselves to time study. Such work is not made up of a series of 
standard cycles that continually repeat themselves and, consequently, 
is more difficult to measure than direct labor operations. Because of this 
characteristic of some office routines, it is necessary to take many time 
studies, each of which may be but one cycle in duration. Then, by 
calculating all studies taken, the analyst develops a standard for typical 
or average conditions. Thus, a time standard may be calculated for copy 
typing based on the page. Granted, some pages of technical typing re¬ 
quiring the use of symbols, radicals, fractions, formulas, and other special 
characters or spacing will take considerably longer than typing the rou¬ 
tine page. But if the technical typing is not representative of average 
conditions, it will not result in an unfair influence on the operator s per¬ 
formance over a period of time: simple typing and shorter than standard 
pages will tend to balance the extra time needed to type the complex 
letter. r 

It usually is not practical to establish standards on office positions that 
require creative thinking. Thus jobs such as tool designing and product 
designing should be carefully considered before a decision is made to 
establish time standards on the work done by the men filling these po¬ 
sitions. If standards are established on work of this nature, they should 
be used for such purposes as a basis for scheduling, control, or labor 
budgeting and should not be used for purposes of incentive wage pay¬ 
ment. Work demanding creative thinking can be retarded if pressure is 
put on the employee. The result may lead to inferior designs that can be 
more costly to the business than the amount saved through greater 
productivity of the designer. 

In setting standards for office workers, the analyst usually will find 
that, since the white-collar worker is not accustomed to having his work 
measured, he will not like the practice. Therefore, it is important that the 
same observance of good human relations practiced in the shop be ad- 
hered to in the office. 

Supervisory Standards 

By establishing standards for supervisory work, it is possible to de¬ 
termine equitable supervisor loads and maintain a proper balance be¬ 
tween supervision, facilities, clerical employees, and direct labor. 

The work sampling technique is probably the most fruitful tool for the 
development of supervisory standards. The same information could also 
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be attained through all-day stop watch studies, but the cost usually 
would be prohibitive before reliable data could be obtained. Supervisory 
standards can be expressed in terms of “effective machine running hours’' 
or some other benchmark. 

For example, one study of a manufacturer of vacuum tubes revealed 
that .223 supervisory hours were required per machine running hour in a 
given department (Fig. 21—2). The work sampling study showed that, 



out of 616 observations, the supervisor was working with the grid ma¬ 
chines, inspecting grids, doing desk work, supplying material, walking, 
or engaged in activity classified as miscellaneous allowances a total of 519 
times. This figure converted to prorated hours revealed that 518 indirect 
hours were required while 2,461 machine running hours took place. 
When a 6 per cent personal allowance was added, a standard of .223 
supervisory hours per machine running hour was computed. 

518 223 

(2461) (1.00 - .06) 

Thus, if one supervisor handled a department of a given type of fa¬ 
cility operating 192 machine running hours during a week’s period, his 
efficiency would be: 
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192 X .223 


40 (hrs./week) 


107 per cent. 


Standard Data on Indirect Labor 

The development of standard data for purposes of establishing stand¬ 
ards on indirect labor operations is quite feasible. In fact, in view of the 
diversification of indirect labor operations, standard data is, if anything, 
more appropriate on office, maintenance, and other indirect work than it 
is on standardized production operations. 

As individual time standards are calculated, it is wise to tabularize the 
elements and their respective allowed times for future reference. As the 
inventory of standard data is built up, the cost of taking new time studies 
will decline proportionally. 

For example, the tabularizing of standard data for fork lift truck op¬ 
erations is based on only six different elements: travel, brake, raise fork, 
lower fork, tilt fork, and the manual elements required to operate the 
truck. Once standard data have been accumulated for each of these ele¬ 
ments (through the required range), the standard time to perform any 
fork truck operation may be determined by summarizing the applicable 
elements. In a similar manner standard data can readily be established 
on janitorial work elements such as sweep floor; wax and buff floors; dry 
mop; wet mop; vacuum rugs; clean, dust, and mop lounge. 

Several manufacturers of material-handling equipment have taken de¬ 
tailed studies of their product and make standard data, applicable to the 
equipment, available when the facility is purchased. This information 
will save the analyst many hours in the development of material-han¬ 
dling time standards. 


Universal Indirect Standards 

Where the number of maintenance and other indirect operations is 
great and diversified, the task of developing standard data and/or for¬ 
mulas to preprice all indirect operations may appear to be more costly 
than the expected savings brought about by the introduction of time 
standards. In order to reduce the number of different time standards for 
indirect operations, there has been an effort by some engineers to de¬ 
velop universal indirect standards. 

The principle behind universal standards is the assignment of the 
major proportion of indirect operations (perhaps as much as 90 per cent) 
to appropriate groups. Each group will have its own standard which will 
be the average time for all indirect operations assigned to the group. For 
example, group A may include the indirect operations of: 

1. Replace defective union. 

2. Repair door (replace two hinges). 

3. Replace limit switch. 

4. Replace two sections (14' of 1" pipe). 
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The standard time for any indirect operation performed in group A may 
be 20 minutes. This time will represent the mean (x) of all jobs within 
the group and the dispersion of the jobs within the group for ±2o- will be 
some predetermined percentage of x (perhaps ±10 per cent). 

Standards may be established for each group by developing many 
(several hundred) time standards using standard data, formulas, and 
stop-watch procedure for typical indirect operations. These standards 
will be arranged in ascending sequence and then be bracketed in suffi¬ 
cient divisions so that the range of any bracket does not exceed the 
desired accuracy of any operation included in the bracket. Similar 
operations, that have not been studied, but have had the method stand¬ 
ardized, may be assigned to the bracket that is representative of the 
work elements of the operation. 

This procedure may utilize as few as 100 standards to cover many 
thousands of different indirect operations. Since the majority of opera¬ 
tions will cluster about the mean of their respective brackets, the total 
average error introduced by such standards will be slight. This will be 
especially true when indirect employees perform a broad variety of as¬ 
signments, which is usually the case. 

The application of universal indirect standards offers the opportunity 
to introduce standards on the majority of indirect operations at a moder¬ 
ate cost and also minimizes the cost of maintaining the indirect stand¬ 
ard system. 

Advantages of Work Standards on Indirect Work 

Standards on indirect work offer distinct advantages to both the em¬ 
ployer and the employee. Some of these advantages are: 

1. Installation of standards will lead to many operating improvements. 

2. The mere fact that standards are being established will result in better 
operation performance. 

3. Indirect labor costs can be related to the work load regardless of fluctua¬ 
tion in the over-all work load. 

4. Budgeting of labor loads can be achieved. 

5. Efficiency of various indirect labor departments can be determined. 

6. Costs of such items as specific repairs, reports, and documents can be 
easily determined. This frequently results in elimination of needless re¬ 
ports and procedures. 

7. System improvements can be evaluated prior to installation. Thus, it is 
possible to avoid costly mistakes by choosing the right procedure. 

8. It is possible to install incentive wage payment plans on these positions, 
thus allowing employees to increase their earnings. 

9. All indirect labor work can be planned and scheduled more accurately, 
with the obvious resulting benefits of getting the job done on time. 

10. Less supervision is required, as a program of work standards tends to 
enforce itself. As long as each employee knows what is required of him, 
he will not arbitrarily waste or “kill” time. 
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Conclusion 

The nonrepetitive task, characteristic of many indirect labor operations, 
is more difficult to study and determine representative standard times tor 
than is the repetitive task that is performed over and over again. Since 
indirect labor operations are difficult to standardize and study, they have 
not been widely subjected to methods analysis. Consequently, this area 
usually offers a greater percentage potential for reducing costs and in¬ 
creasing profits through time study than any other. 

After good methods have been introduced and operator training has 
taken place, it is not only readily possible but it is practical to establish 
standards on indirect labor operations. The usual procedure is to take a 
sufficiently large sample of stop-watch time studies to assure the repre¬ 
sentation of average conditions, and then to tabularize the allowed 
elemental times in the form of standard data. Fundamental motiqn data 
also have a wide application for establishing standards on indirect work. 
Thus, allowed operation times may be established consistently, accu¬ 
rately, and economically. 


TEXT QUESTIONS 

1. Why has there been a marked increase in the number of indirect workers 
employed? 

2. Why do more unavoidable delays occur in maintenance operations than on 
production work? 

3. What is meant by crew balance? By interference time? 

4. Explain how time standards would be established on janitorial operations, 

5. What office operations are readily time studied? 

6. Why are standard data especially applicable to indirect labor operations? 

7. Summarize the advantages of standards established on indirect wqrk. 

8. Why is work sampling the best technique for establishing supervisory stand¬ 
ards? 


GENERAL QUESTIONS 

1. Discuss the implications of establishing time standards for a tool designer, 
for a product engineer, and for a purchasing agent. 

2. Explain how productivity should be reported in an office involving clerical 
work. 




CHAPTER 22 


Uses of Time Standards 


W HAVE FOUND THAT TIME 
standards may be determined in a number of ways: 

1. By estimate (see Chapter 11) 

2. By performance records (see Chapter 11 ) 

3. By stop-watch time study (see Chapter 14) 

4. By standard data (see Chapter 18) 

5. By time study formulas (see Chapter 19) 

6. By work sampling studies (see Chapter 20) 

Methods 3, 4, 5, and 6 will give considerably more reliable results than 
either method 1 or 2. If standards are to be used for purposes of wage 
payment, it is essential that they be determined as accurately as possible 
Consequently, standards determined by estimate and performance rec¬ 
ords will not suffice. Of course, standards developed through perform¬ 
ance records and estimates are better than no standards at all and 
frequently can be used to exercise controls throughout an organization. 

All of these methods have application under certain conditions and all 
have limitations as to accuracy and cost of installation. 

In the operation of any manufacturing enterprise or business, it is 
fundamental that we have time standards. Time is the one common de¬ 
nominator from which all elements of cost may be evolved. In fact, every¬ 
one uses time standards for practically everything he does or wants any¬ 
one else to do. A man arising in the morning will allow himself one hour 
to wash, shave, dress, eat breakfast, and get to work. This surely repre¬ 
sents a time standard that has a bearing on the number of hours of sleep 
e gets. A football game involves but 60 minutes of playing time. This 
also represents a standard. The student reading this chapter will allow 
himself so many minutes to cover the assignment. This, too, is a stand- 
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ard which will affect the student’s program for the remainder of the day. 

We are particularly interested in the use of time standards as applied 
to the effective operation of a manufacturing enterprise. Several of the 
results of the application of time study in this way will be discussed. 

Basis for Wage Incentive Plans 

Time standards are usually thought of in their relation to wage pay¬ 
ment. As important as this is, there are many other uses of standards in 
the operation of an enterprise. However, the need for reliable and con¬ 
sistent standards is more pronounced in connection with wage payment 
than in any other area. Without true standards, no incentive plan that 
endeavors to compensate in proportion to output can possibly succeed. 
If we have no yardstick, how can we measure individual performance? 
With standardized methods and standard times, we have a yardstick that 
will form a basis for wage incentive application. 

Common Denominator in Comparing Various Methods 

Since time is a common measure for all jobs, time standards are a basis 
for comparing various methods of doing the same piece of work. If, for 
example, we thought it might be advantageous to install broaching on a 
close-tolerance inside diameter rather than to ream the part to size as is 
currently being done, we could make a sound decision as to the practi¬ 
cality of the change, if time standards were available. Without reliable 
standards, we should be groping in the dark. 

To Secure an Efficient Layout of Available Space 

Time is the basis for the determination of the amount of each kind of 
equipment needed. By being able to know exact requirements relative 
to facilities, we can achieve the best possible utilization of space. If we 
know that we shall require 10 milling machines, 20 drill presses, 30 
turrent lathes, and 6 grinders in a particular machining department, then 
we can plan for the layout of this equipment to best advantage. Without 
time standards, we may have overprovided for one facility, and under¬ 
provided for another, thereby inefficiently utilizing the space available. 

Means for Determining Plant Capacity 

Through the medium of time standards, not only machine capacity, 
but also department and plant capacity are determined. It is a matter of 
simple arithmetic to estimate product potential once we know the avail¬ 
able facility hours and the time required to produce a unit of product. 
For example, if the bottleneck operation in the processing of a given 
product required 15 minutes per piece, and if 10 facilities for this opera¬ 
tion existed, then the plant capacity based on a 40-hour per week opera¬ 
tion on this product would be: r 
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40 hours X 10 
.25 hours 


1,600 pieces per week . 


Figure 22-1 illustrates a weekly graphic analysis of the direct labor re¬ 
quirements for a specific industrial plant. Note how clearly this chart 
indicates when the plant will be in a position to produce new customer 
orders. 



Basis for Purchasing New Equipment 

Since time standards allow us to determine machine, department, and 
plant capacity, they also provide the necessary information for deter¬ 
mining how many of what type of facilities need be provided for a given 
volume of production. Accurate comparative time standards also high¬ 
light the advantages of one facility over its competitors. For example, we 
may find it necessaiy to purchase three additional single-spindle, bench- 
type drill presses. By reviewing available standards, we shall be able to 
procure the style and design of drill press that will give the most 
favorable output per unit of time. 

Basis for Balancing Working Force with Available Work 

By having concrete information as to required volume of production, as 
well as amount of time needed to produce a unit of that pioduction, we 
are able to determine the required labor force. For example, if our 
production load for a given week is evaluated as 4,420 hours, then we 
should need: 4,420/40 or 111 operators. This use of standards is espe¬ 
cially important in a retrenching market where volume of production is 
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partment of one of the Owens-Corning Fiberglas plants. It will be 
noted that four product areas are served: “streamline,” “serving,” 
“straight-edge,” and “fishing rod.” In view of present customer require¬ 
ments, 75 spindles have been allotted for multiple winding of “stream¬ 
line” products, 42 spindles for “serving,” 14 for “straight-edge,” and 15 
for fishing rod. Based on this budgeting of spindle and man-hours, the 
load for “streamline” extends to the end of the first week in November, 
“serving” to the middle of October, “straight-edge” to the middle of No¬ 
vember and “fishing rod” to the last week in October. Although cus¬ 
tomer requirements fluctuate, it will be possible through the use of time 
standards to adjust the labor budget of this department to best meet all 
customer requirements. The solid bar on this chart shows the material 
that has been allocated to the various product classes as of September 1. 

With valid time standards, we are able to keep our working force in 
proportion to the volume of production required, thus controlling costs 
and maintaining operation in a competitive market. 

Improves Production Control 

Production control is that phase of operation that schedules, routes, 
expedites, and follows up production orders so that operating econo¬ 
mies are achieved and customer requirements are best satisfied. The 
whole function of controlling production is based upon determining 
where and when the work will be done. This obviously cannot be 
achieved unless we have a concrete idea as to the “how long.” 

Scheduling, one of the major functions of production control, is usu¬ 
ally handled in three degrees of refinement: (1) long-range or master 
scheduling, (2) firm order scheduling, and (3) detailed operation sched¬ 
uling or machine loading. 

Long-range scheduling is based on existing volume of production and 
anticipated volume of production. In this case, specific orders are not 
given any particular sequence, but are merely lumped together and 
scheduled in appropriate time periods. Firm order scheduling involves 
the scheduling of existing orders so as to meet customer demands and 
still operate in an economical fashion. Here degrees of priority are as¬ 
signed to specific orders, and anticipated shipping promises are evolved 
from this schedule. Detailed operation scheduling, or machine loading, 
is the assignment of specific operations day by day to individual ma¬ 
chines. This scheduling is planned to minimize set-up time and machine 
down time while meeting firm order schedules. Figure 22-4 illustrates the 
machine loading of a specific department for a period of one week. Note 
that considerable capacity exists on milling machines, drill presses, and 
internal thread grinders. 

No matter what the degree of refinement in the scheduling procedure, 
it would be utterly impossible without time standards. The success of 
any schedule is in direct relation to the accuracy of the time values used 






FIG. 22-4. Machine load of a f machining department for a one-week period. Notice several 
schedules are dependent on receiving additional raw material. 

/ | 

in determining die schedule. If tjime standards do not exist, and sched¬ 
ules are formulated on the basi| of judgment only, they cannot be ex¬ 
pected to be reliable. 

Through the use of time standards, rate of flow of materials and work 
in progress^may be predetermined, thus forming the basis for accurate 
scheduling. 

Accurate Control and Determination of Labor Costs 

With true time standards, a plant does not have to be on incentive 
wage payment in order to determine and control its labor costs. The 
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ratio of departmental clock hours to departmental earned production 
hours provides information as to the efficiency of the specific department. 
The reciprocal of the efficiency multiplied by the average hourly rate 
will give the hourly cost in terms of standard production. For example, 
the finishing department in a given plant using straight daywork may 
have had 812 clock hours of labor time, and in this period let us assume 
that it has earned 876 hours of production. The departmental efficiency 
would then be: J 


mxv 0 4 U 

Wc = 812 = 108 per cent • 

If the average daywork hourly rate in the department was $1.60, then 
the hourly direct labor cost based on standard production would be: 

X 11.60 = *1.48 . 

Let us look at another example. We might assume in another depart¬ 
ment that the clock hours were 2,840 and the hours of production 
earned for the period were only 2,760. In this case, the efficiency would 
be: 


2,760 

= 97 per cent 

and the hourly direct labor cost based on standard production with an 
average daywork rate of $1.60 would equal: 

~ X $1.60 = $1.65 . 

In the latter case, management would realize that its labor costs were 
running $0.05 per hour more than base rates and could take steps with 
supervision so that total labor costs would be brought into line. In the 
first example, labor costs were running less than standard, which would 
allow a downward price revision so as to increase the volume of produc¬ 
tion, or make some other adjustment suitable both to the management 
and labor. Figure 22-5 illustrates a direct labor variance report where 
departmental performance above and below standard is indicated. 


Requisite for Standard Cost Methods 

Standard cost methods refer to the procedure of accurate cost de¬ 
termination in advance of production. The advantage of being able to 
predetermine cost is apparent. It is really necessary in many instaces 
today to compute costs and contract work at the predetermined price. 
By having time standards on direct labor operations, it is possible to 
preprice those elements entering into the prime cost of the product. 
(Prime cost is usually thought of as the sum of the direct material and 
direct labor costs.) 
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As a Basis for Budgetary Control 

Budgeting is the establishment of a course of procedure: the majority 
of budgets are based on the allocation of money for a specific center or 
area of work. Thus we may establish a sales budget for a given period 
of time, a production budget, and so forth. Since money and time are 
definitely related, any budget is a result of standard times regardless of 
how the standards were determined. 

As a Basis for Supervisory Bonus 

Wage incentives will be discussed at length in later chapters of this 
text. At this time, it will suffice to point out that any type of supervisory 
bonus that is keyed to workers' earnings will be directly dependent on 
having equitable time standards. And since workers receive more and 
better supervisory attention under a plan where the supervisory bonus is 
related to workers' pay, the majority of supervisory plans give con¬ 
sideration to worker productivity as the principal criteria for bonus. 
Other factors that are usually considered in the supervisory bonus are in¬ 
direct labor costs, scrap cost, and method improvements. 

Quality Standards Are Enforced 

The establishing of time standards forces the maintenance of quality 
requirements. Since production standards are based on the quantity of 
acceptable pieces produced in a unit of time, and since no credit is given 
for defective work turned out, there will be a constant intense effort by 
all workmen to produce only good parts. If an incentive wage payment 
plan is in effect, operators are compensated for good parts only, and in 
order to keep their earnings up, they will keep their scrap down. 

If some of the pieces that are produced are found to be defective 
through subsequent inspection, either the operator that produced the 
parts will be held responsible for their salvage or else his earnings will 
be diminished by the number of pieces of scrap produced. 

Personnel Standards Are Raised 

Where standards are used, there will be a natural tendency to ‘put 
the right man on the right job," so that the standards established will be 
either met or exceeded. Placing employees on work for which they are 
best suited goes a long way toward keeping them satisfied. 

Problems of Management Are Simplified 

With time standards go many control measures that it would be im¬ 
possible to exercise unless time standards were available, such as sched¬ 
uling, routing, material control, budgeting, forecasting, planning, and 
standard costs. With tight controls on practically every phase of an 
enterprise, including production engineering, sales, and cost, the prob- 
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lems of management are minimized. By exercising the "exception prin¬ 
ciple” where attention is given only to the items deviating from the 
planned course of events, managerial efforts need be devoted but to a 
small segment of the total activity of the enterprise. 

Governmental operations have found time standards extremely help¬ 
ful. Added emphasis was given to the need for a standards' program in 
all governmental agencies when President Truman, by Executive Order 
10072, in July of 1949, and the Eighty-First Congress, by Public Law 429, 
passed in the same year, emphasized the need for continuous examina¬ 
tion and review of governmental operations so as to insure the achieve¬ 
ment of planned programs in each department. Title X of Public Law 429 
makes specific provisions for the establishment of an efficiency awards 
system in each government agency. Time standards provide means for 
evaluating the individual or groups of individuals who submit proposals, 
and also provide the basis for those who submit entries to examine the 
potential of their ideas. 

Service to Customers Is Bettered 

With the use of time standards, up-to-date production control pro¬ 
cedures can be introduced with the resulting advantage to the customer 
of getting his merchandise when he wants and needs it. Also, time stand¬ 
ards tend to make any company more time and cost conscious; this usu¬ 
ally results in lower selling prices to the customer. As has been explained, 
quality will be maintained under a work standards plan, thus assuring 
the customer of more parts made to required specifications. 



Courtesy: AC Spark Plug Division, General Motors Corp. 


FIG. 22-6. Relationship of labor cost to efficiency. 
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Conclusion 

Several of the uses of time standards have been briefly summarized 
There are, of course, many more applications in all areas of any enter¬ 
prise. Probably the most significant result of time standards is mainte¬ 
nance of over-all plant efficiency. If efficiency cannot be measured, it 
cannot be controlled, and without control it will markedly diminish/ 

Once efficiency goes down, labor costs rapidly rise and the result is 
eventual loss of competitive position in the market. Figure 22-6 illus¬ 
trates the relationship of labor cost to efficiency in one leading manu¬ 
facturers business of automobile accessories. By establishing and main¬ 
taining effective standards, a business can standardize direct labor costs 
and control over-all costs. 


ICAI UUtbMUNS 

1. In what different ways may time standards be determined? 

2. How can valid time standards help in developing an ideal plant layout? 

3. Explain the relationship between time standards and plant capacity. 

4. In what way are time standards used for effective production control? 

5. How do time standards allow the accurate determination of labor costs? 
6 ’ product? * thC deVe '°P ment of time standards help maintain the quality of 

7. In what way is Customer service bettered through valid time standards? 

8. What is the relationship between labor cost and efficiency? 

9 ' daywork shop was paying an average rate of $1.65 per hour and had 
250 direct labor employees working, what would be the true direct labor 
cost per hour if during a normal month 40,000 hours of work were pro- 


10 . 


11 . 


standards? 1311886111611 ^ pr ° blemS sim P lified through the application of time 

In what way did President Truman provide emphasis for the use of time 
standards m governmental operations? 


GENERAL QUESTIONS 

h reahzed? 1 ^ ° f Standards not men «°ned in this chapter can be 

2. What is the relationship between accuracy of time standards and produc- 

tion control? Does the law of diminishing returns apply? ” 

3. How does work measurement improve selection and placement of person- 




CHAPTER 23 


Significant Wage Payment Plans 


Experience has proven that 
workmen will not give extra or sustained effort unless some incentive, 
either direct or indirect, is in the offing. Incentives in one form or an¬ 
other have been used in industry for many years. Several of the incen¬ 
tive wage payment plans developed a generation or more ago are still m 
effect today with slight modifications. Before designing a wage payment 
plan for a specific plant, it is wise for the analyst to review the strength 
and weaknesses of past plans. 

In the broad sense, all incentive plans that tend to increase the em¬ 
ployee’s production will fall under one of the following three classes: 
(1) direct financial plans, (2) indirect financial plans, and (3) plans 
other than financial. 


Direct Financial Plans 

Direct financial plans include all plans in which the workman’s com¬ 
pensation is commensurate with his output. In this category is included 
both individual incentive plans and group plans. In the individual type 
of plan each employee’s compensation is governed by his own perform¬ 
ance for the period in question. Group plans are applicable to two or 
more persons who are working as a team on operations that tend to be 
dependent on each other. In these plans, each employee s compensation 
within the group is based upon his base rate and the performance of the 
group for the period in question. 

The incentive for high or prolonged individual effort is not nearly as 
great in group plans as in individual plans. Hence, there has been a 
tendency for industry to favor individual incentive methods. In addition 
to lower over-all productivity, group plans have other drawbacks: 

a nrv 




SIGNIFICANT WAGE PAYMENT PLANS 421 

(1) personnel problems brought about by nonuniformity of production 
coupled with uniformity of pay, and (2) difficulties in justifying base 
rate differentials for the various opportunities within the group. 

Of course, group plans do offer some decided advantages over indi¬ 
vidual incentive, noteworthy of which are: (1) ease of installation 
brought about through ease of measuring group rather than individual 
output, and (2) reduction of cost in administration of the plan through 
reduced amount of paper work, less verification of inventory in process, 
and less in-process inspection. 

In general, higher rates of production and lower unit cost of the prod¬ 
uct can be expected under individual incentive plans. If practical to in¬ 
stall, the individual incentive plan should be given preference over 
group systems. On the other hand, the group approach has more appli¬ 
cation where it is difficult to measure individual output and where in¬ 
dividual work is variable and frequently performed in co-operation with 
another employee on a team basis. For example, where four men are 
jointly working together in the operation of an extrusion press for ex¬ 
truding brass rods, it would be virtually impossible to install an individ¬ 
ual incentive system, but a group plan would be applicable. 

Indirect Financial Plans 

Those company policies that tend to stimulate employee morale and 
result in increased productivity, yet have not been designed to bring 
about a direct relation between amount of compensation and amount of 
production, would fall in the indirect financial classification. Over-all 
company policies such as fair and relatively high base rates, equitable 
promotion policies, sound suggestion systems, guaranteed annual wage, 
and relatively high fringe benefits will lead to building healthy em¬ 
ployee attitudes which stimulate and increase productivity. Thus, they 
are classified as indirect financial plans. 

All indirect incentive methods have the weakness of allowing too 
broad a gap between employee benefits and production. After a period 
of time, the employee takes for granted the benefits bestowed upon him 
and fails to realize that the means for their continuance must be a result 
entirely of his productivity. The theories, philosophies, and techniques 
of indirect incentives are beyond the scope of this text; for added in¬ 
formation in this area, the student is referred to books on personnel ad¬ 
ministration. 

Plans Other than Financial 

Nonfinancial incentives include any rewards that have no relation to 
pay, and yet improve the spirit of the employee to such an extent that 
added effort will be evidenced. Under this category would come such 
company policies as periodic shop conferences, frequent talks between 
the supervisor and the employee, proper employee placement, nonfinan- 
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cial suggestion plans, maintenance of ideal working conditions, posting 
of individual production records, and many other techniques utilized 
by effective supervisors and capable, conscientious managers. 

Nonfinancial incentives represent an area that is thoroughly covered 
in texts on industrial relations and will not be further discussed in this 
book. 

Classification of Direct Wage Financial Plans 

Two classifications of direct wage financial plans may be made within 
which the majority of individual plans may be placed. These two divi¬ 
sions with representative specific plans are outlined as follows: 

I. Employee participates in all the gain above standard 

A. Straight piecework 

B. Standard hour plan 

C. Taylor multiple piece rate 

D. Merrick multiple piece rate 

E. Measured daywork 

II. Employee shares the gains with his employer above standard 

A. Halsey plan 

B. Bedaux system 

C. Rowan plan 

D. Emerson plan 

E. Profit sharing 

There are some plans where the relationship between output and 
earnings has been established empirically, and at different levels of per¬ 
formance, the plan may either allow the employee all the gains, or a 
share of the gains. For purposes of simplicity, plans with these charac¬ 
teristics have been included in the group of “gain sharing with the em¬ 
ployer.” 

Straight Piecework 

Straight piecework implies that all standards are expressed in terms of 
money and the operator is rewarded in direct proportion to his output. 
Under straight piecework, the day rate is not guaranteed. Prior to World 
War II, straight piecework was used more extensively than any other in¬ 
centive plan. The reasons for the popularity of straight piecework is that 
it is easily understood by the worker, easily applied, and one of the oldest 
types of wage incentive plans. 

Since World War II, the popularity of straight piecework has rapidly 
declined. There have been several reasons for this, first and foremost be¬ 
ing that under straight piecework all standards are expressed in terms 
of money. Thus every adjustment in base rates involves a monumental 
amount of clerical work to change all standards to agree with the re¬ 
vised hourly base rates. From 1930 to 1940, base rates of pay remained 
relatively stable, and standards expressed in terms of dollars and cents 
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were seldom changed. However, following World War II to the present 
writing, there has been practically an annual increase in base rates. 
Piece rates expressed in money have been exceedingly difficult to main¬ 
tain, and for this reason many concerns have discontinued their use. 

In piece rate plans, the worker is made aware of the close relation¬ 
ship between his earnings and the time study man. This situation 
makes it difficult for the time study analyst to convince the worker that 
the analyst’s only interest is in establishing a fair rate of production, 



FIG. 23-1. Operator earnings and unit direct labor cost under straight 

piecework. 


and that he is not concerned with restricting operator earnings. Then, 
too, the term “piece rate” was used extensively by the old “efficiency ex¬ 
pert” who did so much to hinder the progress of the methods, Standards, 
and wage payment function. Even today, the name “piece rate” leaves 
a sour taste with many of our older employees. 

Figure 23-1 illustrates graphically the relationship between operator’s 
earnings and unit direct labor costs under a straight piecework plan. 

Standard Hour Plan 

The fundamental difference between the standard hour plan and 
straight piecework plan is that under the former, standards are expressed 
in terms of time rather than money. The straight standard hour plan 
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does not guarantee the base rate. The operator is rewarded throughout 
in direct proportion to his output. 

Graphically, the relationship between operator earnings and unit di¬ 
rect labor cost, when plotted against production and money, would be 
identical to piecework. 

For example, a standard may be expressed as 2.142 hours per 100 
pieces. It is an easy operation to calculate either the money rate or the 
operator’s earnings, once the base rate of the operator is known. If the 
operator had a base rate of $1.50, then the money rate of this job would 
be: (1.50) (2.142) = $3.21 per hundred or $0.0321 per piece. Let us as¬ 
sume an operator produced 412 pieces in an 8-hour working day; his 
earnings for the day would be: ($1.50) (2.142) (4.12) = $13.24 and his 
hourly earnings would be: $13.24/8 or $1,655. The operator efficiency 
for the day, in this case, would then be: (2.142) (4.12)/8 or 110 per cent. 

The standard hour plan offers all the advantages of straight piece¬ 
work and eliminates the major disadvantages. However, it is somewhat 
more difficult for the workman to compute his earnings than if standards 
were expressed in terms of money. The principal advantage is, of course, 
that standards are not changed when base rates are altered. Thus, cleri¬ 
cal work is reduced over a period of time when compared to the straight 
piecework plan. Moreover, the term “standard hour” is more palatable 
to the worker than “piecework,” and with standards expressed in time, 
the amount of money earned by the workman is not quite so closely 
linked with time study practice. For these reasons there has been a 
marked growth in the popularity of standard hour plans. 

Toy lor Differential Piece Rate 

The Taylor differential piece rate plan is not used in very many plants 
today. In this plan two piece rates were established and expressed in 
terms of money. The lower rate compensated in direct proportion to out¬ 
put until the operator’s performance reached standard. Once standard 
performance was achieved or exceeded, the high piece rate went into ef¬ 
fect. Thus the workman was encouraged not only to reach standard, 
but also, since he was paid in direct proportion to output beyond stand¬ 
ard, he was encouraged to execute his maximum performance. Under 
the Taylor plan, standards were set “tight” enough so that only the pro¬ 
ficient employees could exceed it. On so doing they were generously 
compensated. It is also to be noted that the poor worker was penalized. 

Under this plan, for example, the piece rates for machining a part may 
be $0.20 each up to a standard of 7 pieces per hour. Daily production 
averaging 7 or more pieces per hour may be paid $0.25 each. Thus, if an 
operator turned out 56 pieces during a day, his earnings would be $14. 
However, if he produced only 55 pieces he would be paid at the lower 
piece rate and would have earned $11 for the day. Figure 23-2 illustrates 
the unit cost and earnings’ relationship of this plan. 
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PRODUCTION IN PER CENT OF STANDARD 

FIG. 23-2. Operator earnings and unit direct labor cost under the Taylor 
differential piece rate plan. 

Merrick Multiple Piece Rate 

Under the Merrick multiple piece rate plan, three graded piece rates 
were established rather than two as advocated by Taylor. There was a 
piece rate established for beginners, one for average employees, and one 
for the superior workmen. This plan endeavored to correct the low rate 
paid to operators performing below task and so overcome the defects 
of Taylor s plan, which had caused such severe criticism by employees. 
Merrick chose 83 per cent of task as the point for his first step, which 
involved a piece rate with a 10 per cent bonus. His high piece rate be¬ 
ginning at standard included an additional 10 per cent bonus. 

Measured Daywork 

During the early 1930’s, shortly after the era of the ‘efficiency expert,” 
there was an effort by organized labor to get away from time study 
practice and, in particular, piece rates. At this time, measured daywork 
was introduced as an incentive system that broadened the gap between 
the establishment of a standard and the worker’s earnings. Many mod¬ 
ifications of measured daywork installations are in operation today, and 
the majority of them follow a specific pattern. First, base rates are estab¬ 
lished by job evaluation for all opportunities falling under the plan. Then 
standards are determined for all operations by means of some form of 
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work measurement. A progressive record of each employee’s efficiency 
is maintained for a period of time, usually one to three months. This 
efficiency, multiplied by his base rate, forms the basis of his guaranteed 
base rate for the next period. For example, the base rate of a given oper¬ 
ator may be $1.30 per hour. Let us assume that the governing perform¬ 
ance period is one month or 173 working hours. If, during the month the 
operator earned 190 standard hours, his efficiency for the period would 
be 190/173 or 110 per cent. Then, in view of the performance, the opera¬ 
tor would receive a base rate of (1.10) (1.30) or $1.43 for every hour 
worked during the next period regardless of his performance. However, 
his achievement during this period would govern his base rate for the 
succeeding period. 

In most measured daywork plans, the base rate is guaranteed; thus 
an operator falling below standard (100 per cent) for any given period 
would receive his base rate for the following period. 

The length of time used in determining performance usually runs 
three months so as to diminish the clerical work of calculating and in¬ 
stalling new guaranteed base rates. Of course, the longer the period, the 
less incentive effort can be expected. When the spread between perform¬ 
ance and realization is too great, the effect of incentive performance is 
diminished. 

The principal advantage of measured daywork is that it takes the im¬ 
mediate pressure off the workman. He knows what his base rate is and 
realizes that, regardless of his performance, he will receive that amount 
for the period. 

The limitations of measured daywork are apparent. First, because of 
the length of the performance period, the incentive feature is not partic¬ 
ularly strong. Then, in order to be effective, it places a heavy responsi¬ 
bility on supervisors for the maintenance of production above standard. 
Otherwise, the employee’s performance will drop, thus lowering his base 
rate for the following period and causing employee dissatisfaction. Cleri¬ 
cal work is costly for the keeping of detailed rate records and the mak¬ 
ing of periodic adjustments in all base rates. In fact, as much clerical 
work is involved under measured daywork as under any straight incen¬ 
tive plan where the employee is rewarded according to his output. 

Although we have classified measured daywork as a type of wage pay¬ 
ment plan wherein the employee participates in all the gain above stand¬ 
ard, it can be seen that this method of wage payment is really a hybrid 
of the other “one-for-one” plans. As the workman’s seniority increases, 
his total earnings will approximate the amount he would have earned if 
he had been paid in direct proportion to his output. Therefore, the plan 
is, in effect, similar to other types discussed that fall under this category. 

Halsey Plan 

About 1890, Frederick Halsey developed a wage incentive plan that 
was one of the first to deviate from straight piecework. In Mr. Halsey’s 
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method, standards were established from past records, as time study had 
not yet come into use. The resulting standards, as could be expected 
were low. r ’ 

However, if the workman failed to meet the standard, he was paid 
his regular wages; thus this early proposal guaranteed the base rate, 
which is a requisite of an effective wage payment plan today. In Halsey's 
original plan, he compensated the operator for performance above stand¬ 
ard so that the workman received one-third of the time saved. The 
amount of premium in subsequent installations varied with individual 
plants but tended to be set at 50 per cent. Using this percentage, it was 
easy to present the plan to the employees as an equitable arrangement 
m which both the employee and the company participated in one-half 
of the time saved. 

Another characteristic of the Halsey method that has sound applica¬ 
tion today was that the standards were expressed in terms of time rather 
than money. 

The Halsey plan was established as a curb to runaway piece rates that 
were characteristic of the time because scientific methods of work meas¬ 
urement had not as yet been developed and methods improvements 
were the prerogative of the employee. Since the employee was assured 
his base rate and was given up to half the share of the earnings above 
task, he was usually attracted to the plan. Figure 23-3 illustrates the 
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FIG. 23-3. Operator earnings and unit direct labor cost under the Halsey plan. 
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curves depicting operator’s earnings and unit direct labor cost for a modi¬ 
fied Halsey system. Inspection of these curves will show that a varying unit 
labor cost is provided. This is one distinct disadvantage of the Halsey 
plan and all plans where the employee shares the gain with his em¬ 
ployer. With variable unit labor costs, it is difficult to establish true over¬ 
all costs and budgets which are so necessary in the efficient operation of 
any business. 

Since the Halsey plan does not reward the operator in direct propor¬ 
tion to his output, it is not readily accepted by labor today. Labor s at¬ 
titude is that, if management is willing to pay a given amount per piece 
at the task point, it should be willing to pay the worker a like amount 
for production beyond task. Since total unit cost declines with increased 
productivity in view of being able to spread overhead over more pieces, 
management can afford to compensate the worker in direct proportion 
to his output. 

Bedaux Point System 

The Bedaux point system, as introduced in 1916 by Charles E. Bedaux, 
is similar in many respects to the Halsey plan just discussed. The hour y 
rate is guaranteed up to task or standard, and beyond this point constant 
sharing of time saved takes place. Bedaux expressed his standards in 
terms of “B’s,” which was defined as one minute “composed^ of relative 
proportions of work and rest as indicated by the whole job.” A normal 
operator was expected to perform 60 B’s every hour he worked. The 
number of B’s comprising any job was determined by time study prac¬ 
tice. Under the original Bedaux plan, the worker participated m 75 per 
cent of the B’s earned above standard. The remaining 25 per cent of B s 
earned above standard was used to compensate indirect labor and 

supervision. , , ,. , 

For example, if an operator earned 520 B’s during the working day, 

his efficiency would be: 520/480 or 107.5 per cent. 

Of the 40 B’s above standard earned, the operator would be compen- 
sated for 75 per cent, or 30. Let us assume an hourly rate of $1.80. Then 
each B would have a value of $0.03 and the incentive earned on the 
above job would be $0.90. Graphically, the operator earnings curve and 
unit cost curves for the Bedaux point system would be identical to those 
for the Halsey plan except for the slopes above the task point. Since this 
plan does not reward the worker in direct proportion to output, it too is 
not well received by labor today. 

Rowan Plan # 

In 1898, James Rowan proposed a sharing plan wherein the incentive 
was determined by the ratio of the time saved to the standard time. The 
base rate was guaranteed, and the premium earning curve began at 62 / 2 

'-^Premium System of Remunerating Labor,” Proceedings, Mechanical Engineers 

(British), 1901, p. 865. 
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per cent of standard. Since it is impossible to save all the standard time, 
it would be impossible for any operator to earn 200 per cent of his base 
wage. The fundamental purpose of Rowan's plan was to protect the 
employer from “runaway rates” that might be established from past per¬ 
formance records, and still provide sufficient incentive to the operator for 
high continuous effort. Although this system accomplished what was in¬ 
tended, the fact that large gains on the part of the operator were virtu¬ 
ally impossible discouraged high production. The fact that the worker 
was compensated on an incentive basis at an early stage of the earnings 
curve made the plan more attractive to workmen than the Halsey plan 
if tight rates prevailed and high production performance was impossible. 



FIG. 23-4. Operator earnings and unit cost curve under the Rowan plan. 


Per Cent of 
Standard 

Time 

Taken, 

Hours 

Time 

Saved, 

Hours 

Ratio of 
Time Saved 
to Time 
Allowed 

Premium 

Pay 

Pay 

for 

Job 

Hourly 

Rate 

62.5. 

1.6 

0 

0 

0 

1.600 

1.000 

80. 

1.25 

.350 

.219 

.274 

1.524 

1.220 

100. 

1.00 

.600 

.375 

.375 

1.375 

1.375 

120. 

.833 

.767 

.480 

.395 

1.230 

1.480 

140. 

.714 

.886 

.554 

.395 

1.110 

1.560 

160. 

.625 

.975 

.610 

.381 

1.006 

1.610 

200. 

.500 

1.100 

.686 

.343 

.843 

1.686 
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Operator earnings under this system can be expressed as follows: 


E a — E a T -j- 


StRaT 

T a 


where 


E a = earnings 
R a = base rates 
T = time spent on the work 
S t = time saved 
T a = allowed time . 

For example, if an operator at a base rate of $1.50 per hour spent three 
hours on a job which had a standard of 3.5 hours, his earnings for the 
job would be: 


Ea = (1.50) (3) •+ 


(.5)(1.50)(3) 

3.5 


$5.14 . 


His hourly rate for this assignment would amount to $1.71. 

Figure 23-4 illustrates operator earnings and unit labor costs under 
the Rowan plan. This system has several disadvantages which limit its 
use in this country. First, it limits earnings and consequently restricts 
production. Then, this plan is more complex, making it difficult for the 
workman to understand and causing more clerical work in calculation of 
wages earned. 

For example, let us assume a base rate of $1.00 per hour and a stand¬ 
ard of one hour per piece for a given job. The task point taken at 62.5 
per cent of standard would require 1.6 hours to do the job. As perform¬ 
ance increased, the resulting pay, labor cost, and rates of production 
would be as shown in Figure 23-4 and accompanying table. 

Emerson Plan 

In many respects, the wage payment plan advocated by Harrington 
Emerson is not unlike the Halsey system. Emerson assured the employee 
his base rate and established standards based on careful study of all de¬ 
tails entering into the production. However, the incentive portion of his 
plan differed somewhat from others. At 66% per cent of a standard, he 
established a small incentive which increased as the performance in¬ 
creased until the task point was reached. Beyond this point, he estab¬ 
lished a straight-line earning curve which compensated the operator in 
direct proportion to his output plus 20 per cent. The premium paid from 
two thirds of task to task was empirically determined and is tabularized 
in Table XXIX. 

Under Emerson’s plan, the operator’s earnings below two thirds of 
task may be computed from the expression: 
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E a = RaT 


and between two thirds of task and task; 


E a = RaT + F t (R a T) 


and above task 


Ea - RaT + StRa + .20 R a T 


where 

F t = factor taken from table 
R a = rate per hour 
S t — time hours saved 
T = time taken in hours . 


TABLE XXIX 


Efficiency 

in 

Per Cent 

Bonus in 

Per Cent of 
Base Wage 

Efficiency 

in 

Per Cent 

Bonus in 

Per Cent of 
Base Wage 

Efficiency 

in 

Per Cent 

Bonus in 

Per Cent in 
Base Wage 

67. 

.0001 

82 

.0433 

97 

.1662 

68. 

.0004 

83 

.0492 

98 

.1770 

69. 

.0011 

84 

.0553 

99 

.1881 

70. 

.0022 

85 

.0617 

100 

.2000 

71. 

.0037 

86 

.0684 



72. 

.0055 

87 

.0756 



73. 

.0076 

88 

.0832 



74. 

.0102 

89 

.0911 



75. 

.0131 

90 

.0991 



76. 

.0164 

91 

.1074 



77. 

.0199 

92 

.1162 



78. 

.0238 

93 

.1256 



79. 

.0280 

94 

.1352 



80. 

.0327 

95 

.1453 



81. 

.0378 

96 

.1557 




In adopting his plan, Emerson advocated the calculation of efficiency 
for a pay period of either a week or a month, thus tending to equalize 
the very poor and the very high daily efficiencies. For example, if during 
a month involving 173 working hours an operator earned 180 hours for 
which he was paid a base rate of $1.50, his earnings for the period would 


E a = (1.50)(173) + (7)(1.50) + (.20)(1.50)(173) = $321.90 . 

Profit Sharing 

The Council of Profit Sharing Industries has defined profit sharing as 
‘any procedure under which an employer pays to all employees, in addi¬ 
tion to good rates of regular pay, special current or deferred sums 
based not only upon individual or group performance, but on the pros¬ 
perity of the business as a whole.” 2 

2 Council of Profit Sharing Industries, Profit Sharing Manual (First National 
Tower, Akron, Ohio, 1949), p. 3. 
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No one specific type of profit sharing has received general industrial 
acceptance. In fact, about every installation has certain "tailor-made” 
features which distinguish it from others. However, the majority of profit- 
sharing systems can be placed under one of the following broad cate¬ 
gories: (1) cash plans, (2) deferred plans, and (3) combined plans. 

As the name infers, the straight cash plan involves the periodic dis¬ 
tribution of money from the profits of the business to the employees. The 
payment is not included with the regular pay envelope, but is made 
separately, so as to identify it as an extra reward, brought about by the 
individual and combined efforts of the entire operating force. The 
amount of the cash distribution is based upon the degree of financial 
success of the enterprise for the bonus period. The period varies in dif¬ 
ferent companies. In some installations it is as short as one month, and 
in others the period is one year. There is general agreement, however, 
that the shorter the period, the closer will be the connection between 
effort and financial reward to the employees. Longer periods are se¬ 
lected because they will reflect more truly the status of the business 
over that particular length of time. For example, if a period of one month 
is used, the employees might give excellent performance for the entire 
period in anticipation of a sizable bonus. However, due to conditions be¬ 
yond their control, such as high inventories or slow-moving products, the 
profit for the period may be nothing. With no additional reward, the em¬ 
ployees would quickly lose confidence in the plan and appreciably drop 
their efforts. 

Another factor of importance in the selection of the period for the 
distribution of the profits is the amount of cash that will be shared. If 
the period is too short, the amount may be of such an insignificant size 
that the plan itself may backfire. But, if a longer period such as six 
months or a year is used, the amount will be adequate to accomplish the 
purpose of the profit-sharing system. 

Deferred profit-sharing plans are characterized by the periodic invest¬ 
ment of portions of the profits of the business for the employees, so that 
upon retirement or separation from the company, they will have a source 
of income at a time when their needs may be more pronounced. 

The deferred type of profit-sharing plan obviously does not provide 
the incentive stimulus to the degree that cash plans do. 

However, deferred profit-sharing plans do offer the advantage of be¬ 
ing easier to install and administer. Also, this type of plan offers more 
security than the cash reward plan. This makes it especially appealing 
to the stable workman. 

Combined plans arrange that some of the profits are invested for re¬ 
tirement and similar benefits, and some are distributed in the form of 
cash rewards. This class of plans can realize the advantages of both the 
deferred plans and those employing the straight cash system. A repre¬ 
sentative installation might provide for sharing half the profits with the 
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employees. Of this amount, one third may be distributed to the em¬ 
ployees in the form of an extra bonus check, one third may be held in 
reserve to be given out when a less successful financial period develops, 
and the remaining one third may be placed with a trustee for deferred 
distribution. 


Methods of Distribution under Profit Sharing 


There are three methods in common use for determining the amount 
of money to be given individual employees from the company s profits. 
The first and the least used is the “share-and-share-alike” plan. Here 
each employee, regardless of his job class, participates in an equal 
amount of the profits, once he has attained the prescribed amount of 
company service. Proponents of this method believe that individual base 
rates have already taken care of the relative importance of the different 
workers to the company. The share-and-share-alike plan supplies a feel¬ 
ing of teamwork and importance to each employee, no matter what his 
position in the plant may be. Just as a complex mechanism is made in¬ 
operative by removal of an insignificant pin, so an enterprise is depend¬ 
ent upon each and every employee for its efficient operation. 

The most commonly used method of distribution under profit sharing 
is on the basis of the regular compensation paid to the workers. The 
theory is that the employee who was paid the most during the period 
contributed to the greatest extent to the company’s profits and conse¬ 
quently should share in them to a greater extent. For example, a tool- 
maker earning $3,000 in a six-month period would receive a greater 
share of the company s profits than a chip-hauler who was paid $1,200 
for the same period. 


Another popular means of profit distribution is through the allocation 
of points. Points are given for each year of seniority, and each $100 of 
pay. Some plans also endeavor to evaluate such factors as attendance, 
worker’s co-operation, and standards of production. The number of 
points accumulated by each employee for the period then determines his 
share of the profits. This method endeavors to take into consideration the 
factors that influence the company’s profits and then distribute the prof¬ 
its on a basis that gives each employee his just share. Perhaps the prin¬ 
cipal disadvantage of the point method is the difficulty of maintenance 
and administration brought about through complex and detailed records. 


Criteria for Successful Profit-Sharing Plan 

' Tlie Council for Profit Sharing Industries has summarized ten prin 
ciples which it feels is fundamental if a plan is to succeed. These are: 


1. There must be a compelling desire on the part of management to install 
the plan in order to enhance the team spirit of the organization. If there 
is a union, its co-operation is essential. 

2. The plan should be generous enough to forestall any feeling on the part 
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of the employees that the lion’s share of the results of extra effort will go 
to management and the stockholders. 

3. The employees must understand that there is no benevolence involved, 
that they are merely receiving their fair share of the profits they have 

helped to create. , . u £ 

4 The emphasis should be placed on partnership, not on the amount of 
money involved. If financial return is emphasized, it will be more diffi¬ 
cult to retain the employee’s loyalty and interest in loss years. 

5. The employees must be made to feel that it is their plan as well as man¬ 
agement’s and not something that is being done for them by manage¬ 
ment. The employees should be well represented on any committee set 
up to administer the plan. 

6. Profit sharing is inconsistent with arbitrary management—it functions 
best in companies operating under a democratic system. This does not 
mean that management relinquishes its right, and in fact its obligation, 
to manage, but rather that management functions by leadership instead 
of arbitrary command. 

7. Under no circumstances can profit sharing be used as an excuse tor pay¬ 
ing lower than prevailing wages. 

8. Whatever its technical details, the plan must be adapted to the particu¬ 
lar situation, and should be simple enough so that all can readily under- 

9 The plan should he “dynamic,” both as to its technical details and as to 
its administration. Both management and employees—and m proht- 
sharing companies it is often difficult to find the demarcation line— 
should give constant thought to ways of improving it. 

10. Management should recognize the fact that profit sharing is no panacea. 
No policy or plan in the industrial relations field can succeed unless it 
is well adapted and unless it evidences the faith of management in the 
importance, dignity, and response of the human individual. 

Attitude toward Profit Sharing 

For the most part, union officials have not supported profit sharing. 
Their principal criticism is that the technique is a hard-times, wage 
cutting method.” 3 There can be no doubt that profit sharing, when prac¬ 
ticed with perfect harmony between labor and management, minimizes 
the necessity of a union in the eyes of the employees. Therefore, union 
leaders can hardly be expected to uphold and propagate something that 
will diminish their own personal prestige, power, and income. 

Where profit sharing has been practiced by a sincere, fair, and com¬ 
petent management team, individual workers are enthusiastic, and 
wholeheartedly support the plan. Attempts to unionize plants where 
profit sharing is flourishing, such as in the Lincoln Electric Company, 
have resulted in violent worker reaction against the organizers. 

A successful profit-sharing program depends on the profits of the com¬ 
pany, which frequently are not under the control of the direct labor 
force. In periods of low profits or losses, the plan may actually weaken 
rather than strengthen employee morale. Also, unless the team spirit is 

3 Charles E. Britton, Incentives in Industry (Esso Standard Oil Co., 1953), p. 30. 
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enthusiastically supported by all members of supervision, the plan does 
not prov.de the incentive to continuous effort characteristic ofwage fa 
centive installations This is a result of the length of time between per 
ormance and reward; most companies wait twelve months and usethe 
y s en or declaring the profits of the company. In large companies 
plantTd T\ ^P^ible to instill the team idea throughout Ae 
succeed. d ™ ^ 15 g6nerall y done > the P^n will not completely 

Perhaps the greatest objection to profit sharing that the writer has ob 
served is the talcing for granted that there will be an Ca’ dieck re' 
ceived at the end of the year. The employee expects to receive it and 
even makes substantial purchases on a time basis in anticipation of the 
added remuneration. If the company has experienced lE year and 
tw W0 [ . er ge * S no extra remuneration, he does not see any relation be 

f ' , h /., els 18 that he has been cheated. Thus the whole profit 
sharing plan fails to engender the spirit intended. P 

or these reasons any employer should be very cautious before em 
barking on a profit-sharing program. On the other hand, many companies 
today are experiencing high worker efficiency, decreased costsTeduc- 
on of scrap, and better worker morale as a result of profit-sharing instal 
lations. James F. Lincoln, president of the Lincoln^lectrfa Compfnv 
who has developed one of the most successful profit-sharing installations’ 
offers the following suggestions to those companies which are cofaem 
plating the installation of some type of profit-sharing system : 4 

ad0pted ^ ** -bat. 

- ”- fc ' - 

syidhThfsr . b r d ^ 

“t 15; sr 

..» »» baJ e Th™tn^an S h flt] b discussion 1 bv''H]f ln “ ” “ d "« 

wmi „“*« b«"” m ‘t p ' , “ ot 

EShl'lt SK“" ,h " ” b A b ' td b :”"Lt 

From it new^tisfactibn” wiil'flow'to all “ P i '!° S0 P h . v - 
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satisfacti ons, the befoming a more useful min! ’ Theie 1S ^ greateSt ° f a11 

Co., 4 ll a oTpp: 171-72^’ LinC ° ln ’ S InCSntive S H*™ (New York: McGraw-Hill Book 
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^slSKi^^ve systems possess important advances, 

both for workers and management. The chief ben ®® t t0 ' not at 

i i „ u. for them to increase their total wages, nor at 

Cr Ttehigher wages that result from incentive plans improve employee 
1 % torn] to reduce labor turnover, absenteeism, and tardiness, 

^cete poplr f—g of incentive systems quires ‘he per¬ 
formance of many prerequisites■ <.such n0 /- 

m'ally Wte^i5^^P rovements ta P roduction and su P crvl ^>" 

methods. The activities that bring about these improvements howevv, 
”n gLS e «lT. n tad.?re work ia to measure the more «h*£j 

making decisions are. 

1. Application should not be-made units' related to 

psffi ss?..“r,o TS = d 

*—*> -* — ta - 
"toTe'riw wo* available per hour *, =m- 
' ^vrieht. 1951, United States Steel Company. 
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ployee is unlimited; or the attainment of capacity operation of a significant 
machine or process requires the employee h/perLf work at a pS 

3. Application may be made where performance of the available work can 
be increased from a lower level to an index of measured perfZ^e above 
125 pei cent on machine or process controlled operations which do not require 
the performance of work at a pace above normal pace. q 6 

Well planned and administered incentives will increase production 
and decrease total unit cost. Usually, it will more than compensate for 
the price paid m increased costs of industrial engineering, quality con¬ 
trol, and timekeeping which may have resulted through its use. 


TEXT QUESTIONS 

1 be'clTssified?'^ 166 ge " eraI cksSes ma y the majority of wage incentive plans 

2 ' pi: 6110346 betW6en individuaI wa S e P a y“>ent plans and group type 

3. What is meant by the term “fringe benefits”? 

4. What company policies are included under nonfinancial incentives? 

5. What are the characteristics of straight piecework? Plot the unit cost curve 
coldtaafer eamingS CUrVe f ° r dayW ° rk and P iecework on *e same set of 

6. Why has straight piecework diminished in popularity since World War II? 

7. How does the standard hour plan differ from straight piecework? 

today? 3 '' 6 6 ^ inStaIkti0ns of the T aykr differential piece rate plan 

9 ' system? W3y “ * e MerriCk Plan Similar t0 the Ta y Ior differential piece rate 

10. Why did measured daywork become popular in the 1930’s? 

H. Why are there many modified Halsey and Bedaux plans in existence to- 

12 ' Tamtogs 3 ? re3S ° n “ Jam<!S R ° Wan deSign a P fen that restricted operator 

13. An allowed time of .0125 hours/piece is established for machinino- a small 
component. A setup time of .32 hour is established als“ as the°opemo 

nl TonA ^ ne< j? ssai y setu P work °n “incentive.” Compute: P 

a) total time allowed to complete an order of 860 pieces 

c Fffl erat0r e ® ci . enc y’ if j' 0b is completed in an 8-hour day. 

c) Efficiency of the operator if he requires 12 hours to complete the job. 

base rTte £ o7 

a) Total earnings for the job at efficiency determined in problem 13 lb) 

b) Hourly earnings, from above. proDiem lo (b). 

5 Total earnings for job at efficiency determined in problem 13 (c) 

d) Direct labor cost per piece from \a), excluding setup ( '’ 

e) Direct labor cost per piece from (c), excluding setup. 


14 . 
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15 A forging operation is studied and a rate of .42 minute per piece is set. The 
operator works on the job for a full 8-hour day and produces 1,500 pieces. 

a) How many standard hours does the operator earn. 

b) What is his efficiency for the day? , , 

c ) If his base rate is $1.45 per hour, compute his earnings for the day. 

(Use a 100 per cent time premium plan.) 

d) What is the direct labor cost per piece at this efficiency? 

e) What would be the proper piece rate (rate expressed m money) tor 
this job, assuming that the above time standard is correct. 

16. A 60-40 Gain Sharing plan is in operation in a plant. The established time 
value on a certain job is .75 minute, the base rate is $1.20. What is the 
direct labor cost per piece when the operator efficiency is: 

a) 50 per cent of standard? 

b) 80 per cent of standard? 

c) 100 per cent of standard? 

d) 120 per cent of standard? 

e) 160 per cent of standard? 

17 . Define profit sharing. 

18. What specific type of profit-sharing plan has received general acceptance? 

19. What three broad categories cover the majority of profit-sharing mstalla- 

20. Upon what does the amount of money distributed depend under the cash 

21. What determines the length of period between bonus payments uuder the 
cash plan? Why is it poor practice to have the period too long? What dis¬ 
advantages are there to the short period? 

22 What are the characteristic features of the deferred profit-sharing p an. 

23 Whv is the “share-and-share-alike” method of distribution not particularly 
common? What is the basis of advocation of this technique by its pro- 

24. What ten principles summarized by the Council for Profit Sharing Indus¬ 
tries are fundamental for a successful profit-sharing plan. 

25. Why have many unions shown an antagonistic attitude toward profit shar- 

26. What suggestions has Mr. James Lincoln offered for those embarking on 
an incentive installation? 


GENERAL QUESTIONS 

1. A workman is employed in a plant where all the rates are set on a money 
basis (straight piece rates). He is regularly employed at a job where 
guaranteed base rate is $1.08. His regular earnings are m excess of $10 
per day. Due to the pressure of work, he is asked to help out on “lothe 
job, classified so that it pays $1.20 per hour. He works 3 days on this job 

and earns $9.00 each day. . . , , 

a) How much should the operator be paid for each day s work on this new 

b) Would if make any difference if he had worked ona new job where the 
base rate was $1.00 per hour and he had earned $8.50? Explain. 

2. An incentive plan employing a “low-rate, ^frrate” differential is in use^ 
A certain class of work has the guaranteed low-rate of $1.50 per hour 



SIGNIFICANT WAGE PAYMENT PLANS 


and the high-rate” for work on standard of 4 7 fit; „ t, , ^ 

and a rate of .036 hours per piece is set wllf 5 ^ ^ A J ob is stl,died 
p ece at the following efficiencies- Wh “ dlrect labor cost per 

a) 50 per cent? 

b) 80 per cent? 

c) 98 per cent? 

d) 105 per cent? 

e) 150 per cent? 

operator is rated^ow on » ^ort time, {he 

high-activity job, one that wili run for a Inni ^ 6 ' the l<>h wiI1 be a 

the work, the time study man is esneeinllv ^ W1 * several men doing 
right. (This is interpreted to mean that the^effi^ 10 ' 18 to .. set tbe standard 
per cent on the average if the job runs for n ffi ° lenc - y Wll! n °t exceed 135 
out into the shop and the 3 mlchine nnelr ^7 W more -> The «»*> goes 
strongly to the “tight rate ” peiators (one on each shift) object 

*’ r°-5 6 1 ”’ H « “““ “ f «. -My m „. y 

sevwrl steps Italy to rau'lh ftom each t * )urse of sstir.n through the 


b) 




CHAPTER 24 


Characteristics of a Sound Wage 
Incentive System 


The subject of wage incen- 

”“>• “ Jsi v bec.kul.Md for ertra or prolonged 

incentive earnings that can y receptive to wage incentives, 

effort will find that their employees will be P S ma de, 

In fact, where successful installation of this * made tQ do 

rSs^lffirri^e expected to be enthusiastic about 

any form of wage incentive payment. writer has been in con- 

The majority of union officials with whom by the 

tact oppose incentive wage payment. P P ) h effort with 

union is'fear of reduction in available. An- 

only a fixed amount o pro uc 10 , n ° , effect of “pitting worker against 
,e»« Sfwodln L.S b.gh 

worker. Union r mofrrist and suspicion permeates the 

ings and another low, a ^ ^ partnership relations among workers, 

working group, which disrupP ^ eak and not vet y realistic. 

Actually, this criticism of incentives is r labor>s kck of interes t 

Perhaps the most un ion statement, “A basic though 

in wage incentives is cove J , traditional antagonism to 

“S,rr:l s r *. * —* «•— 
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of compensation he receives, the less need he is likely to feel for union 
assistance in securing higher wages, although when base rates are raised 
or lowered, his rates are equally affected.” 1 

In the Grand Lodge constitution of the International Association of 
Machinists (Section 6 of Article J), the policy of this labor group toward 
incentives is clearly expressed in the statement that “any member guilty 
of advocating or encouraging any of these systems where they are not 
in existence is liable to expulsion.” Carl Huhndorff, director of research 
of this labor group, states that the aforementioned clause has never been 
invoked against an individual member to the best of his knpwledge; 
however, the Grand Lodge policy “has always opposed these (incentive) 
plans whenever possible as we do not feel that they work to the best 
interests of working men and women.” 

There are, of course, unions which approve of incentives. In fact, the 
late Philip Murray, past president of the C.I.O., was known to look with 
favor upon incentive wage payment and had expressed his belief that 
practically any sound system of wage payment can be made to work 
when a harmonious relationship prevails between labor and management. 

The National Industrial Conference Board has made the following 
statement through its senior research specialist: 

. . . wage incentive practices up to the 1939 period were used as one of the 
whipping boys by union organizers in shops which otherwise were free of un¬ 
ions. However, today the union’s outlook is more favorable to wage incentive 
methods and related techniques of time and motion study. In fact, union offi¬ 
cials from the local level up, advocate training in time study for shop stewards 
in order better to understand and explain to workers the pros and cons of wage 
incentive. 

Most managers agree with the philosophies of incentive wage pay¬ 
ment but realize that in view of the rapid growth of union activity, the 
installation within their own plants may not achieve the desired objec¬ 
tives. 

A comparison of the relative percentage of manufacturing enterprises 
using incentives in the years 1948 through 1952, made by the National 
Metal Trades Association, reveals a slight annual decline since 1948. 
This decline of incentive plans’ installations no doubt is due in part to the 
hostile attitude of certain labor unions. It is interesting to note that no 
definite pattern of attitude on the part of international unions, seems to 
prevail. The same international union will have some locals that favor 
incentives and others that are bitterly opposed to them. 

Prerequisites for a Sound Wage Incentive Plan 

Certainly the majority of companies that have incentive installations 
favor their continuance and believe that their plans are: 

1 Charles E. Britton, Incentives in Industry (Esso Standard Oil Co., 1953), p. 55. 
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1. Increasing the rate of production. 

2. Lowering over-all unit costs. 

3. Reducing supervision costs. 

4. Promoting increased earnings of their employees. 

However, in a recent survey of 160 companies 2 where incentive wage 
payment was practiced, 84 replies from managers inferred that they felt 
that their plans were only fair, and additional improvement could be 
made. Five plant managers felt that their incentive systems were poor, 
and that some changes must be made to warrant continuance. 

Before installing a wage incentive program, management should sur¬ 
vey its plant to be sure that the plant is ready for an incentive plan. 
First, a policy of methods standardization must be introduced so that 
valid work measurement can be accomplished. If each operator follows 
his own pattern of performing his work, and the sequence of elements 
has not been standardized, then the organization is not yet ready for 
wage incentive installation. 

Scheduling of work must be handled so that there is always a backlog 
of orders for each operator and chances of his running out of work are 
held to a minimum. Of course, this infers that adequate inventories of 
material are available, and machines and tools are properly maintained. 
Also, established base rates should be fair, and should provide for suffi¬ 
cient spread between job classes to recognize the positions that demand 
more skill, effort, and responsibility. Preferably, base rates should have 
been established through a sound job evaluation program. 

Lastly, fair standards of performance must be developed before wage 
incentive installation can take place. In no case should these rates be set 
by judgment or past performance records. In order to be sure that they 
are correct, some form of work measurement based upon the time study 
or work sampling procedure should be used. 

Once these prerequisites have been completed and management is 
fully sold on incentive wage payment, the company will be in a position 
to design the system. 

Figure 24-1 illustrates the distribution of performance under daywork 
and incentive as experienced by one company. It will be noted that un¬ 
der the nonincentive plan, the average performance of the plant was 17 
per cent below normal performance. It is also interesting to note that 
when the plan was introduced the entire force of personnel coming un¬ 
der the plan performed somewhere between 83 and 125 per cent effi¬ 
ciency. It had been expected that the dispersion of the plan would be 
from around 70 to 165 per cent. 

Design for a Sound Wage Incentive Plan 

To be successful, an incentive plan must be fair to both the company 
and the operators. The plan should give the operator the opportunity to 


2 National Metal Trades Association. 
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earn approximately 25 per cent above his base rate if he * normally 
skilled P and executes high effort continuously. Management will benefit 
through the added productivity by being able to prorate fixed costs ov 
a ereater number of pieces, thus reducing total cost. 

Perhaos next to fairness, the most important qualification of a good 



FIG. 24-1, 


Actual and theoretical distribution of performance under incentive and daywork as 
recorded by one company. 


incentive plan is simplicity. In order to be successful, the plan must be 
completely sold to the employee, the union and to management itsc . 
The simpler it is, the easier it will be for all parties to understand; and 
with understanding the chances for approval are ^hancedMndnndua 
incentive plans are more easily understood and will work the best - 

individual output can be measured. 

The plan should guarantee the basic hourly rate set by job evaluation; 
the rate should be a good living wage comparable to the prevailing wage 
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operator sho^w\ f ° r ^ ! ’° b !? qUeSti ° n ' TllCI1 > be X ond standard, the 
dFJn h W be com P ensated in dir ect proportion to his output thus 
discouraging any restriction of production P ’ 

i PnV° “ over [ ides ” ( flat across-the-board increases) many incentive 
installations m the 194&-1952 period did not compensate in di7ct pre! 

hi so'nie e ° UtpU f' Tae overnde figure reached as much as $0.70 per hour 

per “ “"W P^S a ba ^ rate of $ 1.00 

p iioui m 1946 and establishing a standard of 10 pieces per hour on a 

aJedl9 h ’ m 6ffeCt t ld a / eCe rate of $0J0 - Thus, P if an operator aver¬ 
aged 12 pieces per hour during the course of the work week he would 

receive an hourly rate of $1.20. As organized labor demanded greater 

put int n o a th 0 e n b lnCrea i eS ^ §iVen ° n " h0Ur, >' basis and were not 

Eiece rate Over'a ,’i TT™ T W6re they incor P°'' ated the 

nut If he P erator IS not being paid in direct proportion to his out- 

of $1 70 or W $7o4° C °T nSated ’ he W ° Uld r6CeiVe * L7 ° 20 per cent 

have been i P er hou ^ Slnte 1952 up to the present time, overrides 
ave been disappearing. New raises as well as old overrides are being 
negotiated into the piece rate structure. overrides are being 

In order for the employee to associate his effort with compensation 

tiveelrntosflfh f° U '? de3 f y Sb0W b ° th the re § uIar and dle incen- 
tive earnings. It is also advisable to indicate on a separate form placed 

rio? Tb ay - enV fT’ t le efficienC - V of the operator for the past pay pe- 
nod. This is calculated as the ratio of standard hours produced durL 
the period to the hours worked during the period ^ 

Provision must be made in an efficient manner for unavoidable loss of 
bme not included in the standard. Also, techniques mustbe^established 
for insuring accurate piece counts of the required quality requireme^ 
The plan should entail control of indirect labor through meaS 
productivity of those involved. Indirect labor should not be given a 
bonus equivalent to the direct workers’ unless some yardstick hfs been 

itST *° iUStify ^ inC6ntiVe eamin § s - 0n - plan has Sen 
insta fed, management must accept the responsibility of maintaining it 

Adm! tration of the plan calls for keen judgment 7n maW d 7d2„ s 
and close analysis of all grievances submitted. Management^ust exer’ 
cise its right to change the standards when the methods and 
are changed Employees must be guaranteed an opportunity to express 
their suggestions, but the advisability of their requests must be proved 

A Z 7- T " T da Com P““g °n standards must be avoided 
hbeiahzmg of standards already based on facts will lead to complete 
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failure of the plan. No incentive plan will continue to operateunless* 
is effectively maintained by a watchful, competent management team. 

Reasons for Incentive Plan Failures r 

An incentive plan may be classified as a failure when it costs more for 

pletely known, there would be numerous reasons found for the lack 

SU Tnone f smvey! a the principal causes of failure were shown to be poor 
i of+itndp excessive cost, product insufficiently stable resulting 

“higHcst of standards, and allowances too liberal, tiros resulting in 

l ”ce»U,‘ S"pZ'should be d,continued when their cos. of main¬ 
tenance exceeds the benefits derived through their use. The reasons given 
r,r.fore»enb.n«d survey are, for the most part, symptomi of • 
nlan of a plan doomed for failure; they are not really causes. Actual 
^ ’ f t u f a ji ur e of any plan is incompetence in management; a ma 

agement that permits installation with poor scheduling, unsatisfactory 
SX U of standsndisabon or loose standmds, and comprom.srng 
of standards has no one to blame for failure but itself. 

Of course all the requisites of a sound incentive system may be me 
anfstill the plan maybe unsatisfactory because of failure to promote 

sood industrial relations relative to the program. Employee, union an 
good md str co-operation must be won in order to get the team 

spiritwhich is so necessary to attain ultimate success from the incentive 

inSt RecenT y Bruce Payne, President of Bruce Payne & Associates Inc., 
reported on 246 companies where incentive plans had either failed oi 
developed weaknesses that necessitated revision. ^ Three factors were 
enumerated as being responsible for the failuies: 

Per Cent 
41.5 

1 Fundamental deficiencies in the plan.. 5 

2 Inept human relations. 26.0 

3. Poor technical administration. 

The reasons falling under each of these divisions and their relative im- 
portance were summarized as follows: 

Per Cent 

Fundamental deficiencies .H O 

b) Low incentive coverage of direct productive work.. • • • 7.0 

c) Ceiling on earnings. 6.8 

d) No indirect incentives .. 61 

e) No supervisory incentives.. . 2.0 

/) Complicated pay formula. 

3 Britton, op. cit., p. 60. 
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Inept human relations 
a) Insufficient supervisor training 

&) No guarantee of standards.. 6-9 

c) A fair day’s work not required . 

d) Standards negotiated with the union. f ? 

e) Plan not understood.. 4,8 

/) Lack of top management support.. .. t'i 

g) Poorly trained operators. . 8,9 

Poor technical administration . ^ ^ 

a) Method changes not co-ordinated with standards.. 7 o 

c) Poor administration, i.e., poor grievance procedure. . . f q 

a) Poor production planning. . 

e) Large group on incentive.. .. 8,2 

/) Poor quality control.’ .. 2 - 8 


Administration of the Wage Incentive System 

As has been pointed out, in order to be successful, an incentive sys- 
em must be adequately maintained; it cannot maintain itself. To main¬ 
tain a plan effectively, management must keep all employees aware of 
ow the plan works and of any changes that may be introduced into 
the plan. One technique frequently used is to distribute to all employees 
an Operating Instruction” manual outlining in detail not only company 
policy relative to the plan, but also all its working details with sample 
examples. The basis of job classifications, piece rate prices, performance 
rating procedure allowances, and grievance procedure should be thor- 

,ed " ,que of h “ dli ” 8 “>■ — 1 

In the administration of the plan, a daily check should be made of 
low and excessively high performances in an effort to determine their 
causes. Low performance not only is costly to management in view of 
the guaranteed hourly rate, but it will lead to employee unrest and dis¬ 
satisfaction. Unduly high performance is a symptom of loose standards 
or the introduction of a method change for which no standard revision 
has been made In any case, a loose rate will lead to dissatisfaction on 
the part of employees m the immediate vicinity of the operator who is 
working on the job carrying the low standard. A sufficient number of 
such poor standards can cause the whole incentive plan to fail Fre 
quently, the operator who has the loose rate will restrict his daily pro¬ 
duction m fear that management will adjust the standard. This restriction 
of output is costly to the operator, costly to the company, and results in 
dissatisfaction from neighboring workmen who see a fellow employee on 
a sort job. r 7 

There should be a continuing effort to include in the incentive plan 
a greater share of the employees. When only a portion of the plant is on 
standard, there will be a lack of harmony among operating personnel be¬ 
cause of significant differentials in take-home pay. 

Periodic reviews of old standards should be made to assure their 
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erator averages 14 pieces per hour. His earnings for this period would 
then be: 


($1.50)(5)(j|) = *8.74 


XT w assume that for the remainder of the working day, due to a 
^ 71 “ *«V»« »uld "« > productively » 

work. He would then expect at least his base rate or. 

(3) ($1.50) = *4.50 

which would give him earnings for the day of 

$8.74 + $4.50 = $13.24 . 

This would result in a unit direct labor cost of: 


$13.24 

70 


$0,189 . 


Under daywork, even with the low P ]’ : ^ 

cost would have been: $12.00/70 wi U be considerably 
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On larger work, one technique that frequently is employed is to have 
a tray or box with built-in compartments to hold the work. The tote box 
will hold round numbers of the work such as 10, 20, or 50. Thus, at the 
end of the shift, it is a simple matter for the operator s supervisor to 
authenticate the production report by merely counting the number of 
boxes and multiplying by 10, 20, 50, or whatever number each box holds. 


Conclusion 

The following fifteen fundamental principles are recommended as a 
guide for sound practice in wage incentive installation and administra- 

tion: 

1. Agreement of General Principles . Management and labor should be in 
real agreement on the general principles involved in the relationship between 

W ° 2. A Foundation of Job Evaluation. There should be a sound wage rate 
structure, based upon an evaluation of the skill, responsibility, and working 

conditions inherent in the various jobs. 

3. Individual, Group, or Plant-Wide Incentives. It is generally conceded 
that standards, applied to individuals or to small integrated g rou P s ’ are m ° st 
effective. Such standards need to be set with the utmost care, and undoubtedly 
tend toward the lowest unit cost. At times, due to difficulties m recording indi¬ 
vidual production, or due to the possibilities of teamwork, group standards 
may be advisable. The larger the group, the less the individual response. With 
plant-wide incentives, some of the jealousies and transfer difficulties often in¬ 
herent in group plans are eliminated, but without an unusual degree ot leader¬ 
ship and co-operation, the incentive effect is greatly diluted. 

4 The Production-Incentive Relationship. When production standards 
are properly set, and based upon well-engineered conditions, good practice 
has demonstrated the desirability of adopting an incentive payment m which 
earnings above the established standard are in direct proportion to the m- 

creased production. , 

5 Simplicity. The plan should be as simple as possible without causing 

inequities. Workers should be able to understand the effect of their own efforts 

on their earnings. , , . ,. , . , i 

6 Quality Control and Improvement. The desirable and economical de¬ 

gree of quality should be determined and maintained, tied in with bonus pay¬ 
ment where advisable. , i 

7. Improved Methods and Procedures. To secure the lowest costs and 
to prevent uneven standards and inequitable earnings, which lead to poor labor 
relations, the establishment of production standards should be preceded by 
basic engineering improvements in design equipment, methods, scheduling, and 

mate 8 ^Based^mDetaUed Time Studies . Standards should be developed from 
detailed time studies. A permanent record of standard elemental times for each 
unit of an operation eliminates the occasion for many arguments. A table of 
basic standard times prepares the way for proper introduction of technological 

^ 9 Based on Normal Operation under Normal Conditions. In general, the 
production standard should be established by management setting up the 
amount of work performed per unit of time by a normal qualified operator un¬ 
der normal conditions. 
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10. Changes tn Standards. The plan should provide for the changing of 
pioduction standards whenever changes in methods, materials, equipment 8 or 
smnd c ° ntrollln S.conditions are made in the operations represented by’the 
andthe d L In T'* 61 '-.- 0 av ° ld misunderstandings, the natureof such changes 
and the logic of making them should be made clear to labor or its representa- 

chfaery h ° Sh ° UW W ^ °PP ortunit y to a PP eal trough the grievance ma- 

11. Considerations in Changing Standards. Except to correspond prop- 

not be ake C red nSe 1 C0I ? dltl0ns > Faction standards once established should 
repre b sentatTve d s. 6SS ^ * a g reement between management and labor 

12. Keep Temporary Standards at Minimum. The practice of esfihlkbmn- 

“1: "“ le *"»* n “* -** x * -«»• ■«." 

1 4. Incentives for Indirect Workers. Effective standards may be estab- 
is ed for most indirect jobs m the same manner as for direct jobs’! If the exi¬ 
gencies of a situation demand that some form of incentive payment be applied 

be'correlatTf 6 " 5 38 * Wh ° le ’ w “ Sr ° UpS ’ then the “ dire <* ““’hours should 
be correlated to some measurable unit, such as production or direct employee 

hours, so that indirect labor cost may be kept under control. P ^ 

15. Thorough Understanding of Human Relations Involved. Finally it 
should be emphasized that unless management is prepared to work on^the 

Ead b b e e?i W b h 3 th0r ° Ugh understandin g of the human relations involved it 
had better have no incentive plan. Whereas such a plan may be a progressively 

,W S lnW Ve i f K ^ for “ cr ( eased Production, it may also be a mean! of disrupt 
g labor relations and of actually lowering production. While necessarily re- 

!dew ng Tt b fu £ CtIOnS ’ mana f ment should take into account labor’s point of 
view. It should impart to labor a complete understanding of the plan and pa¬ 
tiently consider grievances, in whatever manner may be agreed upon. 4 P 


TEXT QUESTIONS 

^ ^ymei 1 " 3117 Uni ° n ° ffldalS ^ Stl ' aight d V work as a form of wa g e 

2. What are the fundamental prerequisites of a successful wage incentive plan? 

3. What are the requisites of a sound wage incentive system? 

4. What is extra allowance or “blue ticket” time? How may it be controlled? 

5 ' *° t ” p "■> « * “S- 

6. What does unduly high performance indicate? 

7 ’ L h f l 3 ^ the J; es P onsibili d es of the foreman, time study department, quality 

.nT^-f P f! mOT S pr ° ducHOn , de P arlment > accoun ting department, and 

nf d n U ! ta3 / e 3tl0riS de P. artment tbat are essential to effective administration 
or a sound wage incentive system? 

8. What fifteen fundamental principles should be followed in order to assure 
a successful wage payment plan? 

4 From a talk by John W. Nickerson, “The Importance of Incentives ” given at 
the Second Annual Time Study and Methods Conference, New York, N.Y. ^ 
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TRAINING FOR METHODS, TIME STUDY, AND WAGE PAYMENT 

TABLE XXX 


Subjects Commonly Found in Industrial Engineering Curriculums 


Oedee of Importance as Reported by 
Educatoes 


Rank 

Subject 

1 

Motion and Time Study 

2 

Accounting 

3 

Mathematics 

4 

Operation Analysis 

5 

Industrial Organization and Man¬ 


agement 

6 

Labor Relations, Personnel 

7 

Mechanics 

8 

Physics 

9 

Plant Layout 

10 

Factory Planning 

11 

Production Planning 

12 

Mechanical Drawing 

13 

Technical Writing 

14 

Strength of Materials 

15 

Engineering Materials 

16 

Production Control 

17 

Engineering Economy 

18 

Statistics 

19 

Technical English 

20 

Economics 

21 

Production Engineering 

22 

Electrical Engineering 

23 

Plant Operation 

24 

Wages, Job Evaluation 

25 

Quality Control 

26 

Industrial Economics 

27 

Tool Engineering 

28 

Business Law 

29 

Thermodynamics 

30 

Machine Design 

31 

Human Engineering 

32 

Safety Engineering 

33 

Mechanisms 

34 

Chemistry 

35 

Metallurgy 

36 

Surveys and Reports 

37 

Fluid Mechanics 

38 

Industrial Reports 

39 

Finance 

40 

Government and Political Science 

4! 

Surveying 


Order of Importance as Reported by 
Oompanies Employing Industrial Engineers 


Rank 

Subject 

1 

Mathematics 

2 

Plant Layout 

3 

Operation Analysis 

4 

Plant Operation 

5 

Motion and Time Study 

6 

Production Engineering 

7 

Factory Planning 

8 

Wages, Job Evaluation 

9 

Production Planning 

10 

Mechanics 

11 

Production Control 

12 

Mechanical Drawing 

13 

Labor Relations, Personnel 

14 

Industrial Organization and Man¬ 
agement 

15 

Human Engineering 

16 

Industrial Reports 

17 

Quality Control 

18 

Surveys and Reports 

19 

Engineering Economy 

20 

Industrial Economics 

21 

Physics 

22 

Statistics 

23 

Safety Engineering 

24 

Technical Writing 

25 

Technical English 

26 

Accounting 

27 

Mechanisms 

28 

Machine Design 

29 

Economics 

30 

Tool Engineering 

31 

Engineering Materials ' 

32 

Electrical Engineering 

33 

Strength of Materials 

34 

Chemistry 

35 

Finance 

36 

Metallurgy 

37 

Fluid Mechanics 

38 

Business Law 

39 

Thermodynamics 

40 

Government and Political Science 

41 

Surveying 


j>Io. *3°(May'' 1954)^. S 20.^ Practices in Industrial Engineering,” Journal of Industrial Engineering, Vol. V, 


Individual Plant Method Training Programs 

Any methods training program when properly undertaken will prove 
to be self-supporting. In the experience of the writer, several concerns 
that have introduced and gone ahead with training in the area of meth¬ 
ods have almost immediately realized substantial savings in all areas of 
their plants. One manufacturer of farm machinery gave a 64-hour course 
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in methods analysis over a period of 21 weeks. In attendance were 42 
foremen, assistant foremen, time study analysts, and other key operating 
personnel. At the termination of the course, 28 methods projects were 
turned in, representing methods improvement solutions that could be in¬ 
troduced in the plant. These ideas included machine coupling, redesign 
of tools and product, paper-work simplification, improved layout, better 
means of material handling, improved dies, jigs, and fixtures, elimina¬ 
tion of operations, adjusting of tolerances and specifications, and 
many other usable improvements resulting in the saving of thousands 
of dollars annually. 

In addition to the immediate gains mentioned, the training in opera¬ 
tion analysis and work simplification developed an analytical approach 
on the part of the operating personnel so that in the future they will be 
continually on the alert to find a “better way.” They developed an ap¬ 
preciation of cost of manufacture, and, at the completion of the course, 
were more cognizant of the relationship between output and selling 
price. 

This company, by providing the means for employee “on-the-job” 
training in the field of methods and related areas, has gone a long way 
toward assuring its place in an extremely competitive market. 

Training in Motion and Time Study 

The lack of success of some time and motion study programs is in 
part due to a lack of understanding of the techniques by both manage¬ 
ment and the operating personnel. One of the easiest ways to assure the 
success of any practical innovation is to inform all affected parties as to 
how and why it operates. When the theories, techniques, and economic 
necessity of work measurement are understood by all parties, little diffi¬ 
culty will be encountered in its application. In unionized shops, it is 
especially important that the officers of the union at the local level un¬ 
derstand the need and the steps involved in establishing standards of 
performance. Training in the areas of performance rating, application of 
allowances, standard data methods, and job evaluation are especially 
important. In the experience of the writer, the companies that have pro¬ 
vided training in the elements of time study for union officials and 
stewards, as well as representatives of management, have had harmoni¬ 
ous relationships in the field of standards and wage payment. 

In addition to the informative training to acquaint the various op¬ 
erating and supervisory members of the plant with the philosophies and 
techniques of time and motion study, it is wise for industry to provide 
training for its personnel who plan on making this field of endeavor 
their life’s work. Not only is it necessary to train the neophyte, but the 
experienced analyst should be continually checked to make certain that 
his conception of normal is not deviating from standard. As new develop¬ 
ments, which are constantly being made, are recognized, the information 
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FIG. 25-1. Motion and time study office and laboratory adapted 

Scale 14 inch = 1 foot. 


for periodic training programs. 



FIG. 25-2. Group of time , tu dy analysts studying a "horizontal milling operation in order to 
check individual end points and performance rating factors. 
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should be circulated throughout the personnel of the methods time 
study and wage payment sections. This should be done through the me¬ 
dium of formalized training. Figure S&-1 illustrates a typical motion and 
time study lecture room and laboratory that provide a suitable place tor 
film analysis and the establishment of synthetic standards, as well as 
office space for the time study department which can be readily con¬ 
verted into a lecture room for formalized training. 

It is recommended that any company that has, or plans to have, a 
program of work simplification or methods analysis, time study, or work 



FIG. 25-3. Time study analysts and their instructor reviewing a film for the determlnotion of 

basic motions. 


measurement, and incentive wage payment, include as part of its instal¬ 
lation a continuing training program. The devotion of a two-hour period 
once a week for training foremen, union stewards, dnect laboi, and 
management, will be well worth the time and money spent. The periodic 
verification of the rating ability of the staff of the time study depart¬ 
ment is fundamental. Figure 25-2 illustrates a group of analysts studying 
a horizontal milling operation. After the study has been completed, the 
number and length of elements will be compared the performance fac¬ 
tors will be considered, and the resulting standards established by the 
different observers will be evaluated. Frequent checks like this assure 
a uniformity of rating of the various time study analysts employed, and 
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keep all members of the time study group alert and free from slovenly 
habits in the taking of the study. 

Figure 25-3 shows two time study analysts and their instructor re¬ 
viewing a film and separating it into its basic divisions for the purpose 
of establishing a standard. Supervised training such as this facilitates 
consistency of the group in establishing therblig end points, classes of 
motion, distances moved, and other variables which affect the normal 
time required to perform an operation. 

Developing Creativity 

Creative work is not confined to a particular field or to a few indi¬ 
viduals, but is carried on in varying degrees by people in many occupa¬ 
tions: the artist sketches, the newspaper writer promotes an idea, the 
teacher encourages student development, the scientist experiments with 
a theory, the method and time study analyst develops improved methods 
of doing work. 

Creativeness implies newness, but it is as often concerned with the 
improvement of old products as it is with the creation of new ones. A 
“how-to-produce-something-better” attitude, tempered with good judg¬ 
ment, is an important characteristic of the effective methods and time 
study analyst. 

To develop creativity in the practicing methods and time study analyst 
is a continuing problem. Knowledge of the fundamental principles of 
physics, chemistry, mathematics, and engineering subjects is a good 
foundation for creative thinking. If the practicing analyst does not have 
this basic background, he should acquire it either by educational pro¬ 
grams or else through study alone. Of course, knowledge is only a basis 
for creative thinking and does not necessarily stimulate it. 

The inherent personal characteristics of curiosity, intuition, perception, 
ingenuity, initiative, and persistence produce an effective creative thinker. 
Of these, curiosity seems to stimulate more ideas than does any other 
personal characteristic. One aid to development or restoration of curi¬ 
osity is to train oneself to be observant. The methods and time study 
analyst should get in the habit of asking himself how a particular object 
is made, of what materials it is constructed, why it was designed of a 
particular size and shape, why and how it was finished as it was, 
and how much it cost. If he isn’t able to answer these questions, he 
should find the answer either through analysis or by referring to source 
materials and consulting others. These observations lead the creative 
thinker to see ways in which the product or process can be improved 
through cost reduction, quality improvement, ease of maintenance, or 
improved aesthetic appeal. 

One significant creative idea usually opens up fields of activities that 
lead to many new ideas. Frequently one idea that has application on a 
given product or process will have equal application on other products 
and similar processes. 
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Decision-Making Methods and Processes 

The methods and time study analyst should become trained in the 
various decision-making processes. Judgment alone will not always pro¬ 
vide the best answer. The analyst is continually confronted with such 
questions as, "Would it be economically wise to go ahead with this 
process,” "Should this tool be redesigned with the probability of .50 that 
production requirements will be increased by between 500 and 1,000 
pieces, Will it be necessary to take 5,000 work sampling observations 
if we are seeking an element that occurs approximately 12 per cent of 
the time and tolerance limits are so much.” These are typical questions 
that must be answered, and analytical means provide a much better 
method than mere judgment. 

In order to be able to handle problems similar to these, the analyst 
should have a working knowledge of engineering economy, statistical 
analysis, and the theory of probability. More and more, the practicing 
method and time study analyst is realizing the necessity of a background 
in these fields of study so that he can make the most effective decisions 
for his company. 


TEXT QUESTIONS 

1. Is methods training when conducted within a plant self-supporting? 

2. Why is plant-wide training in the areas of methods and time study a 
healthy management step? 

3. Why should training in time study be looked upon as a continuing project? 

4. Why is American industry more receptive to the time study analyst today 

than prior to World War II? J 

5. What order of importance does diversified industry place upon time study 
in the development of an industrial engineering curriculum? 

6. What intangible benefits can be achieved through a methods training pro¬ 
gram on the foreman level? 

7. Why should the experienced analyst be continually checked relative to his 
ability to performance rate? 

8. How can a person develop creative ability? 

GENERAL QUESTIONS 

1. Who should handle the training in methods, time study, and wage payment 
when conducted within a plant? 

2. Is it advisable to provide training in the area of methods, time study, and 
wage payment down to the operator level? Why? 

3. To what opportunities within an industry can the experienced analyst in 
methods and time study expect to be promoted? 

4. What is the relation between work measurement and Operations Research? 

5. Will “automation” diminish the need for the method and time study 
lyst? 


ana- 



APPENDIX ] 


Glossary of Terms Used in 
Methods, Time Study, and 
Wage Payment 


Abnormal time. Elemental time val¬ 
ues taken during the course of a 
time study that are either consider¬ 
ably higher or lower than the mean 
of the majority of observations— 
synonym for “Wild values.” 

Actual time. The average elemental 
time actually taken by the operator 
during the course of a time study. 

Allowance. An amount of time added 
to the normal time so as to provide 
for personal delays, unavoidable de¬ 
lays, and fatigue. 

Allowed time. The time utilized by 
the normal operator to perform an 
operation while working at a stand¬ 
ard rate of performance with due 
allowance for personal and un¬ 
avoidable delays and fatigue. 

Assemble. The act of bringing two 
mating parts together. 

Automation. Increased mechanization 
to produce goods and services. 

Average elemental time. The mean 
elemental time taken by the oper¬ 


ator to perform the task during the 
course of a time study. 

Average hourly earnings. The mean 
dollar and cent monies paid to an 
operator on an hourly basis. It is 
determined by dividing the hours 
worked per period into the total 
wages paid for the period. 

Avoidable delay. A cessation of pro¬ 
ductive work which is entirely’ due 
to the operator and which would 
not occur in the regular work cycle. 

Balancing delay. The cessation of 
productive work by one body mem¬ 
ber as a result of orienting another 
body member in the process of use¬ 
ful work. 

Base time. The time required to per¬ 
form a task by a normal operator 
working at a standard pace with no 
allowance provided for personal 
delays, unavoidable delays, or fa¬ 
tigue. 

Base wage rate. The hourly money 
rate paid for a given work assign- 


459 




ment performed at a standard pace 
by a normal operator. 

Bedaux plan. A constant sharing 
wage incentive plan with a high 
task and with the provision that the 
bonus for incentive effort be dis¬ 
tributed between the employee and 
management. 

Bonus earnings. Those monies paid 
in addition to the regular wage or 
salary. 

Change direction. A basic division 
of accomplishment characterized by 
a slight hesitation when the hand 
alters its directional course while 
reaching or moving. 

Chronocycle graph. Photographic 

record of body motion that may be 
used to determine both speed and 
direction of body motion patterns. 
Chronograph. A time-recording de¬ 
vice which operates by marking a 
tape that is driven at a constant 
speed. Time is determined by 
measuring the distance between 
successive markings on the tape. 
Constant element. An element that 
does not vary significantly in the 
amount of time required to perform 
it when changes in the process or 
dimensional changes in the product 
occur. 

Continuous timing method. A 
method of studying an operation in 
which the stop watch is kept run¬ 
ning continuously during the course 
of the study and is not snapped 
back at elemental termination. 
Controlled time. Elapsed elemental 
time that is dependent entirely on 
the facility or process. 

Curve. A graphic representation of 
the relation between two factors, 
one of which is usually time. 

Cycle. A series of elements that oc¬ 
cur in regular order and make pos¬ 
sible an operation. These elements 
repeat themselves as the operation 
is repeated. 

Cycle graph. A photographic record 
of body motion. 
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Daywork. Any work for which the 
operator is compensated on the 
basis of time rather than output. 

Decimal-hour stop watch. A stop 
watch used for work measurement, 
the dial of which is graduated in 
.0001 of an hour. 

Decimal-minute stop watch. A stop 
watch used for work measurement, 
the dial of which is graduated in 
.01 of a minute. 

Delays. Any cessation in the work 
routine that does not occur in the 
typical work cycle. 

Differential piecework. Compensa¬ 
tion of labor in which the money 
rate per piece is based on the total 
pieces produced during the period 
(usually one day). 

Direct labor. Labor performed on 
each piece that advances the piece 
toward its ultimate specifications. 

Disassemble. The basic division of 
accomplishment that takes place 
when two mating parts are sep¬ 
arated. 

Drop delivery. The disposal of a 
part by dropping it on a conveyor 
or gravity chute, thus minimizing 
move and position therbligs. 
Efficiency. The ratio of actual output 
to standard output. 

Effort. The will to perform produc¬ 
tive work either mental or manual. 

Effort time. That portion of the cycle 
time that is dependent upon the 
skill and effort of the operator. 
Elapsed time. The actual time that 
has transpired during the course of 
a study or an operation. 

Element. A division of work that can 
be measured, with stop-watch 
equipment and that has readily 
identified terminal points. 

External time. The time required to 
perform elements of work when the 
machine or process is not in opera¬ 
tion. 

Fair day’s work. The amount of 
work that is performed by an oper- 
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ator or group of operators that is 
fair to both the company and the 
operator, ^considering wages paid. 
It is the “amount of work that can 
be produced by a qualified em¬ 
ployee when working at a normal 
pace and effectively utilizing his 
time where work is not restricted 
by process limitations.” 

Fatigue. A lessening in the capacity 
for the will to work. 

Fatigue allowance. An amount of 
time that is added to the normal 
time to compensate for fatigue. 

Feed. The speed at which the cut¬ 
ting tool is moved into the work, as 
m drilling and turning, or the rate 
that the work is moved past the 
cutting tool. 

First piece time. The time allowed 
to produce the first piece of an or¬ 
der. 1 his time has been adjusted so 
as to make allowance for the opera¬ 
tors' unfamiliarity with the method 
and to accommodate for minor de¬ 
lays resulting from the newness of 
the work. It does not include time 
for setting up the work station. 

Flow diagram. Pictorial presentation 
of the layout of a process showing 
location of all activities appearing 
on the flow process chart and the 
paths of travel of the work. 

Flow process chart. Graphic repre- 

sentation of all operations, transpor¬ 
tations, inspections, delays, and 
storages occurring during a process 
or procedure. The chart includes 
information considered desirable 
for analysis, such as time required 
and distance moved. 

Foreign element. An interruption in 
the regular work cycle. 

Frame. The space occupied by a 
single picture on a moving-picture 
film. 

Frame counter. A device that auto¬ 
matically tabulates the number of 
frames that have passed the lens of 
the projector. 

Fringe benefits. That portion of tan- 
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gible compensation given by the 
employer to employees which is not 
paid in the form of wages, salaries, 
or bonuses, such as insurance, re¬ 
tirement funds, and other employee 
services. These exclude benefits 
paid for by employees by pay de¬ 
ductions, such as their participating 
portions of insurance premiums and 
retirement funds. 

Gain sharing. Any method of wage 
payment where the worker partici¬ 
pates in all or a portion of the 
added earnings resulting from his 
production above standard. 

Gantt chart. A series of graphs con¬ 
sisting of horizontal lines or bars in 
positions and lengths which show 
schedules or quotas and progress 
plotted on a common time scale. 

Get. The act of picking up and gain¬ 
ing control of an object. It will con¬ 
sist of the therbligs reach and 
giasp, and move; also sometimes in¬ 
cludes search and select. 

Grasp. The elemental hand motion 
of closing the fingers around a part 
in an operation. 

Job analysis. A procedure for making 
a careful appraisal of each job and 
then recording the details of the 
work so that it can be equitably 
evaluated. J 

Job evaluation. A procedure for de¬ 
termining the relative worth of var¬ 
ious work assignments. 

Leveling. A term used synonymously 
with performance rating. It is the 
assignment of a percentage to the 
operator’s average observed time to 
adjust his time to the observer’s 
conception of normal. 

Loose rate. An established allowed 
time that permits the normal oper¬ 
ator to achieve standard perform¬ 
ance with poorer than average ef- 

Machine attention time. That time 
during the work cycle in which the 
operator must devote his attention 
to the machine or process. 



Machine cycle time. The time re¬ 
quired for the machine in process 
to complete one cycle. 

Machine down time. That time when 
the machine or process is inoper¬ 
ative because of some breakdown 
or because of material shortage. 

Machine idle time. That time when 
the machine or process is inoper¬ 
ative. 

Man-hour.- The standard amount of 
work performed by one man in one 
hour. 

Marsto-chron. A time study instru¬ 
ment that records elapsed time on 
a tape driven by a synchronous 
motor. Elapsed time is determined 
by measuring the distance on the 
tape between parallel markings that 
are recorded at element terminal 
points. 

Maximum performance. That per¬ 
formance which will result in the 
highest obtainable production. 
Measured daywork. An incentive 
system in which hourly rates are 
periodically adjusted on the basis of 
operator performance during the 
previous period. 

Memomotion study. The division of 
a work assignment into elements by 
analyzing motion pictures taken at 
speeds of 50, 60, or 100 frames per 
minute, and then improving the 
operation. 

Merit rating. A method of evaluating 
an employee’s worth to a company 
in terms of such factors as quantity 
of work, quality of work, dependa¬ 
bility, and general contribution to 
the company. 

Merrick differential piece rate. An 

incentive wage payment plan hav¬ 
ing three different piece rates estab¬ 
lished on the basis of operator per¬ 
formance. 

Method. A term used to signify the 
technique employed for performing 
an operation. 

Methods study. Analysis of an oper¬ 
ation so as to increase the produc- 
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tion per unit of time and conse¬ 
quently reduce the unit cost. 

Microchronometer. A specially de¬ 
signed clock devised by Frank B. 
Gilbreth that is capable of ^measur¬ 
ing elapsed time in “winks” (.0005 
minute). 

Micromotion study. The division of 
a work assignment into therbligs by 
analyzing motion pictures frame by 
frame and then improving the op¬ 
eration by eliminating unnecessary 
movements and simplifying the 
necessary movements. 

Minimum time. The least amount of 
time taken by the operator to per¬ 
form a given element during the 
course of a time study. 

Modal time. The elapsed elemental 
time value that occurs most fre¬ 
quently during the course of a time 
study. Occasionally used in prefer¬ 
ence to the average elemental time. 

Motion study. The analysis and 
study of the motions comprising an 
operation so as to improve the mo¬ 
tion pattern by eliminating ineffec¬ 
tive motions and shortening the ef¬ 
fective motions. 

Move. The term to signify a hand 
movement with a load. 

M.T.M. A procedure which analyzes 
any manual operation or method 
into the basic motions required to 
perform it, and assigns to each mo¬ 
tion a predetermined time standard 
which is determined by the nature 
of the motion and the conditions 
under which it is made. 

Normal operator. An operator who 
can achieve the established stand¬ 
ard of performance when following 
the prescribed method and working 
at an average pace. 

Normal performance. The perform¬ 
ance that is expected from the aver¬ 
age trained operator when he is fol¬ 
lowing the prescribed method and 
working at an average pace. 

Normal time. The time required for 
the standard operator to perform 
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the operation when working at a 
standard pace without delay for 
personal reasons or unavoidable cir¬ 
cumstances. 

Normal working area. That space at 
the work area which can be reached 
by either the left hand or the right 
hand when both elbows are pivoted 
on the edge of the work station. 

Observation. The gathering and re¬ 
cording of time to perform an ele¬ 
ment, or one watch reading. 
Observation board. A convenient 
board used to support the stop 
watch and hold the observation 
form during the course of a time 
study. 

Observation form. A form designed 
to accommodate the elements of a 
given time study with space for re¬ 
cording their duration. 

Observer, The analyst who is taking 
a time study of a given operation. 

Occupational physiology. Scientific 
study of the worker and his environ¬ 
ment. 

Occurrence. An incident or event 
happening during the course ot a 
time study. 

Operation. The intentional changing 
of a part toward its ultimate desired 
shape, size, form, and characteris¬ 
tics. 

Operation analysis. Investigative 
process dealing with an operation 
in factory or office work. Usually 
the process leading to operation 
standardization, including motion 
and time study. 

Operation card. A form that outlines 
the sequence of operations, the 
time allowed, and the special tools 
required in the manufacture of a 
part. 

Output. The total production of a 
machine, process, or workman tor 
a specified unit of time. 

Over-all study. The recording of 

cycle time as a verification of a de¬ 
veloped time study standard. 


Performance. The ratio of the actual 
production produced by an opera¬ 
tor to the standard production. 

Performance rating. The assignment 
of a percentage to the operator s 
average observed time which is 
based on the actual performance of 
the operator compared to the ob¬ 
server’s conception of normal. 

Personal allowance. A peicentage 
added to the normal time to accom¬ 
modate the personal needs of the 
operator. 

Piece rate. A standard of perform¬ 
ance expressed in terms of money 
per unit of production. 

Plan. A basic division of accomplish¬ 
ment involving the mental process 
of determining the next action. 

?oint. A unit of output identified as 
the production of one standard man 
in one minute. Used as a basis for 
establishing standards under the 
Bedaux system. 

Point system. A method of job evalu¬ 
ation in which the relatiye worth ot 
different jobs is determined by to¬ 
taling the number of points as¬ 
signed to the various factors ap¬ 
plicable to the different jobs. 

Position. An element of work con¬ 
sisting of locating an object in such 
a way that it will be properly ori¬ 
ented in a specific location. 

Preposition. An element of work 
which consists of positioning an ob¬ 
ject in a predetermined place m 
such a way that it may be grasped 
in the position in which it is to be 
held when it is needed. 

Process. A series of operations that 
advances the product towards its 
ultimate size, shape, and specifica¬ 
tions. 

Process chart. A graphic representa¬ 
tion of a manufacturing process. 

Productive time. Any time that is 
spent on advancing the progress ot 
a piece of production toward its ul¬ 
timate specification. 
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Profit sharing. Any procedure by 
which an employer pays to all em¬ 
ployees, in addition to good rates of 
regular pay, special current or de¬ 
ferred sums, based not only upon 
individual or group performance 
but also on the prosperity of the 
business as a whole. 

Rate. A standard expressed in dollars 
and cents. 

Rate setting. The act of establishing 
money rates or time values on any 
operation. J 

Ratio-delay study. Making a study 
using the work sampling procedure 
where a large number of oberva- 
tions are taken at random intervals. 
Synthetic basic motion times. A col¬ 
lection of time standards assigned 
to fundamental motions and groups 
of motions. 

Unavoidable delay. An interruption 
in the continuity of an operation be¬ 
yond the control of an operator. 

Use. An objective therblig that oc¬ 
curs when either or both hands 
have control of an object during 
that part of the cycle when pro¬ 
ductive work is being performed. 

Variable element. An element the 
time of which is affected by one or 
more characteristics such as size, 
shape, hardness, or tolerance, so 
that as these conditions change, the 
time required to perform the’ele¬ 
ment changes. 

Wage incentive. The provision of 
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a financial inducement for effort 
above normal. 

Wage rate. The money rate ex¬ 
pressed in dollars and cents paid 
to the employee per hour. 

Waiting time. That time when the 
operator is unable to do useful work 
because of the nature of the process 
or because of immediate lack of 
material. 

Wild value. Elemental time values 
taken during the course of a time 
study that are either considerably 
higher or lower than the mean of 
the majority of observations. Syno¬ 
nym for “abnormal time.” 

Wink. One division on the micro¬ 
chronometer equal to 1/2 000 
(.0005) minute. 

Wink counter. A timing device 
either mechanically or electrically 
driven that records elapsed time in 
winks. 

Work-factor. Index of additional time 
required over and above the basic 
time as established by the Work- 
Factor system of synthetic basic 
motion times. 

Work sampling. Method of analyzing 
work by taking a large number of 
observations at random intervals 

f ° r P ur P ose of establishing 
standards and improving methods. 

Work station. That area where the 
workman performs the elements of 
work involved in a specific opera- 
tion. 1 
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Collection of Helpful Formulas 


(1) Quadratic 


Ax 2 -f- Bx -f C — 0 


( 2 ) Logarithms 


■B ± V> - 4 / 1 C 

2l 


log ab = log a + log 6 
log - = log a — log 6 


log a n = n log a 
log \/a — ~ log a 


n 

log 1 = 0 
log «a = 1 


(3) Binomial theorem 


(a + 6 )- = a” + na-% + 1)(re ~ 2 > a n-z V 


a n ~ z 6 s + 


(4) C/fcZe 

Circumference — 2-kt 
Area = irr 2 

(5) Prism 

Volume = 5a 

(6) Pyramid 

Volume = 1 / iBa 


465 




466 


MOTION AND TIME STUDY 


(7) Right circular cylinder 

Volume = irr 2 a 
Lateral surface = 2tt ra 
Total surface = 27rr(r + a ) 

(8) Right circular cone 

Volume = 

Lateral surface = ir rs 
Total surface = tt r(r + s) 


(9) Sphere 


Volume = %ttv 3 
Surface = 4-7rr ? 


(10) Frustrum of a right circular cone 

Volume = %wa{R 2 + r 2 + Rr) 
Lateral surface = ts(R + r) 


(11) Measurement of angles 
1 degree 


.0174 radians 


° 180 

1 radian = 57.29 degrees 
(12) Trigonometrical functions 
Right triangles: 

The sine of the angle A is the quotient of the opposite side divided 
by the hypotenuse. Sin A = — 

The tangent of the angle A is the quotient of the opposite side di- 

a 

vided by the adjacent side. Tan A — ry 

The secant of the angle A is the quotient of the hypotenuse divided 

Q 

by the adjacent side. Sec A = 

The cosine, cotangent, and cosecant of an angle are respectively the 
sine, tangent, and secant of the complement of that angle. 

Law of sines 


Law of cosines 


4 sin B sin C 


# = jf -f c 2 — 2 be cos A 


(13) Equation of straight lines 
Slope—intercept form 

y = mx + h 


* + l = i 

a b 


intercept form 
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TABLE XXXI 

Natural Sines and Tangents 


Angle 

Sin 

0 

o.oooo ! 

1 

0.0175 

2 

0.0349 

3 

0.0523 

4 

0.0698 

5 

0.0872 

6 

0.1045 

7 

0.1219 

8 

0.1392 

9 

0.1564 

10 

0.1736 

11 

0.1908 

12 

0.2079 

13 

0.2250 

14 

0.2419 

15 

0.2588 

16 

0.2756 

17 

0.2924 

18 

0.3090 

19 

0.3256 

20 

0.3420 

21 

0.3584 

22 

0.3746 

23 

0.3907 

24 

0.4067 

25 

0.4226 

26 

0.4384 

27 

0.4540 

28 

0.4695 

29 

0.4848 

30 

0.5000 

31 

0.5150 

32 

0.5299 

33 

0.5446 

34 

0.5592 

35 

0.5736 

36 

0.5878 

37 

0.6018 

38 

0.6157 

39 

0.6293 

40 

0.6428 

41 

0.6561 

42 

0.6691 

43 

0.6820 

44 

0.6947 

45 

0.7071 


Tan 

Cot 

0.0000 

00 

0.0175 

57.2900 

0.0349 

28.6363 

0.0524 

19.0811 

0.0699 

14.3007 

0.0875 

11.4301 

0.1051 

9.5144 

0.1228 

8.1443 

0.1405 

7.1154 

0.1584 

6.3138 

0.1763 

5.6713 

0.1944 

5.1446 

0.2126 

4.7046 

0.2309 

4.3315 

0.2493 

4.0108 

0.2679 

3.7321 

0.2867 

3.4874 

0.3057 

3.2709 

0.3249 

3.0777 

0.3443 

2.9042 

0.3640 

2.7475 

0.3839 

2.6051 

0.4040 

2.4751 

0.4245 

2.3559 

0.4452 

2.2460 

0.4663 

2.1445 

0.4877 

2.0503 

0.5095 

1.9626 

0.5317 

1.8807 

0.5543 

1.8040 

0.5774 

1.7321 

0.6009 

1.6643 

0.6249 

1.6003 

0.6494 

1.5399 

0.6745 

1.4826 

0.7002 

1.4281 

0.7265 

1.3764 

0.7536 

1.3270 

0.7813 

1.2799 

0.8098 

1.2349 

0.8391 

1.1918 

0.8693 

1.1504 

0.9004 

1.1106 

0.9325 

1 0724 

0.9657 

1.0355 

1.0000 

1.0000 


Cos 


1.0000 

90 

0.9998 

89 

0.9994 

88 

0.9986 

87 

0.9976 

86 

0.9962 

86 

0.9945 

84 

0.9925 

83 

0.9903 

82 

0.9877 

81 

0.9848 

80 

0.9816 

79 

0.9781 

78 

0.9744 

77 

0.9703 

76 


76 

0.9613 

74 

0.9563 

73 

0.9511 

72 

0.9455 

71 

0.9397 

70 

0.9336 

69 


68 


67 


66 

0.9063 i 

66 

0.8988 

64 

0.8910 

63 

0.8829 

62 

0.8746 

61 

0.8660 

60 

0.8572 

69 


68 


67 


66 

0.8192 

66 

0.8090 

64 

0.7986 

63 

0.7880 

62 

0.7771 

61 


60 


49 

0.7431 

48 

0.7314 

47 

0.7193 

46 

0.7071 

46 
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TABLE XXXII 


Useful Information 


To find the circumference of a circle, multiply the diameter by 3.1416. 

To find the diameter of a circle, multiply the circumference by .31831. 

To find the area of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6.283185 = the circumference. 

The square of the circumference of a circle X .07958 = the area. 

Half the circumference of a circle X half its diameter = the area. 

The circumference of a circle X .159155 = the radius. 

The square root of ,the area of a circle X .56419 = the radius. 

The square root of the area of a circle X 1.12838 = the diameter. 

. To find the diameter of a circle equal in area to a given square, mul¬ 
tiply a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multiply 
the diameter by .8862. 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a circle, multiply the diam¬ 
eter of the circle by .500. 

. To find the diameter of a circle inscribed in a hexagon, multiply a 
side of the hexagon by 1.7321. 

. To find the side of an equilateral triangle inscribed in a circle, mul¬ 
tiply the diameter of the circle by .866. 

To find the diameter of a circle inscribed in an equilateral triangle, 
multiply a side of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameter by 3.1416. 

To find the volume of a ball (sphere), multiply the cube of the diam¬ 
eter by .5236. 

Doubling the diameter of a pipe increases its capacity four times. 

To find the pressure in pounds per square inch at the base of a column 
of water, multiply the height of the column in feet by .433. 

A gallon of water (U. S. Standard) weighs 8.336 pounds and contains 
231 cubic inches. A cubic foot of water contains gallons, 1728 cubic 
inches, and weighs 62.425 pounds at a temperature of about 39° F. 

These weights change slightly above and below this temperature. 
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TABLE XXXIII 


ARE.4 


z 

Area 

-3.0 

.0013 

-2.9 

.0019 

-2.8 

.0026 

-2.7 

.0035 

-2.6 

.0047 

-2.5 

.0062 

-2.4 

.0082 

-2.3 

.0107 

-2.2 

.0139 

-2.1 

.0179 

-2.0 

.0228 

-1.9 

.0287 

-1.8 

.0359 

-1.7 

.0446 

-1.6 

.0548 

-1.5 

.0668 

-1.4 

.0808 

-1.3 

.0968 

-1.2 

.1151 

-1.1 

.1357 

-1.0 

.1587 

-0.9 

.1841 

-0.8 

.2119 

-0.7 

.2420 

-0.6 

.2741 

-0.5 

.3085 

-0.4 

.3446 

-0.3 

.3821 

-0.2 

.4207 

-0.1 

.4602 

0.0 

.5000 


Above table tabularizes P 


of the Normal Curve 

z 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 
2.0 
2.1 
2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 
3.0 


where 


Area 

.5398 

.5793 

.6179 

.6554 

.6915 

.7257 

.7580 

.7881 

.8159 

.8413 

.8643 

.8849 

.9032 

.9192 

.9332 

.9452 

.9554 

.9641 

.9713 

.9772 

.9821 

.9861 

.9893 

.9918 

.9938 

.9953 

.9965 

.9974 

.9981 

.9987 


z 



. x — u 
and z = - 

O’ 
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5 
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Grose 
Prod. 
Per Hr 

CJ Ov f--4 CUQC0VO4 AHO CM^-VO A4 AW 
t"-V0 VO VO VO VO LTV A A A A A -4 -4-4 -4-4 -4-4 

TABLE XXXV 

HOURLY PRODUCTION TABLE 

Showing 60% to 80% Efficiency 

Sec 

per 

Piece 


■ 

O rH -4 VO CO OJVOQ-4 O AQVO rH CQ -4 f— rH A 
A Cl H O Ov OvCO <5 f-f-VOVO A A4 -4 A A CJ 
OJCJCJWrIHHHHHHH H rH H rH rH rH rH 

'eP- 

LA 

t— 

: VO t— O A VO Q -4" Ov -4 Ov A O VO CVJ OV A CO A f- 
H O O OvCO (5 C—VO VO A A A -4 -4 AAOJ CJ H 
CJWClHHHHHrlHHH rHHiHrHHHH 

s- 

I s ” 

CJ A t - — Q -4 CO CJCQ ACp -4 O t^- CJ O VO O A Ov 
O OvCO CO t'—v£5 VD A A-4 -4 -4 A A A CJ CJ rH CJ 

CJHHrtHHHHHrHrIH rHrHrHrHr-IrHr-H 

LA 

VO 

t— Ov-4 f— rH VO rH VO 0J CO 4 O' N A O t"- H t— H 

00 t - — t-VO VO A A-4 AAACJOJ CJ rH rH O O 

i — i rH i — i i — { rH i — 1 i — { i — i f—| rH rH rH rH rH rH r-i r —i 1 —i rH 

5 

A VO 0 4 Ov4 Ov A H C- 4 O h-AH® A00 -4 
t^-vo VO A-4 -4 A A A CJ CJ CJ rj H rj O O 0v Ov 
HHHHHHHHHHHH rH rH rH rH rH 

Gross 
Prod. 
Per Hr 

88 £3 3 $< a 'g 8 &$£8 £3 & 

CJCJCJCJCJCJCJCJCJCJCJCJ rlHHHrHHH 

Sec 

per 

Piece 

i—IrHrHrHrHrH rHr-H 

CJ A A-4 -4 A A VO VOt'-t'-COCOOvOvOrHCJA 
rHHHrlHrHHHHHrHH rHrHiHCJCJCUCJ 

s 

$S3&33 83Sg&S'8$8i$8'£3 

r~-VO00 CJ 00 AOvVO-4 CJ H O OVCO 00 C"- c—vo vo 
A4 AACJCJHrHHHrlH 

Tft 

t*- 

8 8 88 8S8:?R88SI8fc£8i£!P:8 

-4 AVD O t— rH CO A A CVJ O Ov OVCO h- t—VO VO V0 
A-4 AACJCJrIHrHHH 

s- 

c— 

OCJQQQVOQOOOCnVO OAOCJO AO 
-4 A VO ®(0rHc54-VOWpH4hWh-A OvVO 
O O A 55 AO VO 4 CJrHOO\OOh-t~-VOVOAA 
A-4 A CJ CJ CVJ rH H rH rH rH 

A 

VO 

S3 8it3 8^3 fcRS'&AS 8!8|j££8 

V0 f-- rH VO A00 A A rH o OvOO t"- t-VO VO A A A 
-4 A A CJ CJrHrHrHrHrH 















































4 5/U 


SS Ed 8 S3 S3 35 3 £3 


8*8&c3ci!£'8K'S'P8o!88aS&aaasaa'3 


, .4 

hhhhh 


asw&ww&w88assasaaaaaa»» 


sr«»»«^s?as88assassasssso?;'a<N 


rH fH rH H rf rH 


wojwS88888asaassaaaaa2iaaasd 


£8 MS'S! 8 3 3 8 8 as 


sa “^§£§3§8§a32§£S®g£§§§& 


•no VO 
H H O 


IfcSSRefiagfcSftpt&sfcssaasa 


311 § & & &&£ $ 8 P P P p®58 8 ©S'® 8 &SS, ift 


ej 5 fc &&£<8 g ££££ £8^3 


tn u\ m in 


&£&8£5Sppp®\'S-&$w$£^o 1 A f N^Ho^ s - 


®S PP 8 P®® ® S 8 S P: R& 833 33 33 


S3SS§S§33lll§^s:^s>s^^sissp:pp 


j.R« .&« a R ^ RS d 9 g-1 P'S tr<8 ^ 


8fc£8SS$2$3MS$m8aa$M&3 


$3 !£>£ P o <31 to 


^P333333SP3£P8P 


f 8P83SpP88 8igP8P3i£;K> 

>n m KN »n fTN KN ^ rn CVJ cu oj oj wa cu S\j 


8 o s ss 8 o £■ ps sa pss <5 w 
^iA3^3SS,3££p&P8as 


_ 0\O 

CU CU Cu' Oj' fcij CU OJ 


fsi^^^ssi§'8se§sgn^§gg S 


-4 CVJ 

tn tn 
-4 -4 


■3smss8&8ee*8s*ess3&3s 
mssssismssas 


E88*S8£B»* 


m mm iA-4 


m 


<5> <-^< <-8L< <-SL< 4>J 

rtHK ' > > 






474 


MOTION AND TIME STUDY 


TABLE XXXVI 

SPEED AND FEED CALCULATIONS 

FOR MILLING CUTTERS AND OTHER ROTATING TOOLS 


TO FIND 

HAVING 

FORMULA 

Surface (or Periphery) 
Speed in Feet 
per Minute = S.F.M. 

Diameter of 

Tool in Inches — D 

and 

Revolutions per _ k . 

Minute = R.P.M. 

Dx3.1416xR.P.M. 

S.F.M. -- 

12 

Revolutions 

per Minute = R.P.M. 

Surface Speed 

In Feet per Minute = S.F.M. 
and 

Diameter of Tool 

in Inches — D 

S.F.M.xl 2 

R.P.M. ---— 

Dx3.1416 

Feed per Revolution 
in Inches = F.R. 

Feed in Inches 

per Minute —F.M. 

and 

Revolutions 

per Minute = R.P.M. 

F.M. 

F.R. = -- 

R.P.M. 

Feed in Inches 

per Minute = F.M. 

Feed per 

Revolution in Inches = F.R. 
and 

Revolutions 

per Minute = R.P.M. 

F.M. = F.R.xR.P.M. 

Number of 

Cutting Teeth 
per Minute = T.M. 

Number of 

Teeth in Tool = T 

and 

Revolutions 

per Minute = R.P.M. 

T.M. =TxR.P.M. 

Feed per Tooth = F.T. 

Number of 

Teeth in Tool = T 

and 

Feed per 

1 Revolution in Inches = F.R. 

F.R. 

F.T. = - 

T 

Feed per Tooth = F.T. 

Number of 

Teeth in Tool — T 

Feed in Inches 

per Minute =F.M. 

and 

Speed in 

Revolutions „ 

per Minute = R.P.M. 

F.M. 

F.T. -- 

TxR.P.M. 


Source: National Twist Drill & Tool Co. 




APPENDIX 3 


TABLE XXXVII 

TABLE OF CUTTING SPEEDS 

for fractional sizes 





motion and time study 


table XXXVIII 


Comparative 

in d‘Hi^t S p|d C steel 10% heavier. 

? raSS r°^^ i ^^texplc l ed to vary somewhat from these 

^l^.fV^tio^r, manufact,,rin^roc = es = _ ==== 

= JL==r========== : =^^ ---- 

Size, --—— -;—~~~ II Brass_ 


.013 

.05 

.12 

.21 

.33 

.48 

.65 

.85 

1.08 

1.33 

1.61 

I. 92 
2.24 
2.60 
2.99 
3.40 
3.84 

4.30 
4.80 

5.31 
5.86 
6.43 
7.03 
7.65 
8.30 
8.98 
9.68 

10.41 

II. 17 
11.95 
12.76 
13.60 
14.46 
15.35 
16.27 
17.22 
18.19 
19.18 


.0113 

.045 

.102 

.18 

.28 

.41 

.55 

.72 

.92 

1.13 

1.37 

1.63 

I. 91 
2.22 
2.55 
2.90 
3.27 

3.67 
4.08 
4.53 

4.99 
5.48 

5.99 

6.52 
7.07 
7.65 
8.25 

8.87 

9.52 
10.19 
10.88 

II. 59 

12.33 
13.08 

13.87 

14.67 
15.50 

16.34 


.0125 

.050 

.112 

.20 

.31 

.45 

.61 

.80 

1.01 

1.25 

1.51 
1.80 
2.11 
2.45 
2.81 

3.19 
3.61 
4.04 

4.51 
4.99 
5.50 
6.04 
6.60 

7.19 
7.80 
8.44 
9.10 

9.78 
10.49 
11.24 
12.00 

12.78 
13.60 
14.42 
15.29 
16.17 
17.09 
18.02 


Source: Brown & Sharpe Manufacturing Co 
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TABLE XXXIX 


S. A. E. Standard Specifications for Steels 


S. A. E. STEEL NUMBERING SYSTEM 
A numerical index system is used to identify compositions of S. A. JE. 
steels, which makes it possible to use numerals that are partially descrip¬ 
tive of the composition of materials covered by such numbers. The first 
digit indicates the tyoe to which the steel belongs. The second digit, in the 
c^se of the simple alloy steels, generally indicates the approximate per¬ 
centage of the predominant alloying element and the last two or three 
digits indicate the average carbon content in points, or hundredths of 
1 per cent. Thus, 2340 indicates a nickel steel of approximately 3 per 
cent nickel (3.25 to 3.75) and 0.40 per cent carbon (0.35 to 0.45). 

In some instances, it is necessary to use the second and third digits of 
the number to identify the approximate alloy composition of a steel An 
instance of such departure is the steel numbers selected for several of the 
High Speed Steels and corrosion and heat resisting alloys. Thus, 71360 
indicates a Tungsten Steel of about 13 per cent Tungsten (12 to 15) and 
0.60 per cent carbon (0.50 to 0.70). 

The basic numerals for the various types of S. A. E. steel are listed 


below: 

Type of Steel 


Numerals (and Digits) 


Carbon Steels..... 

Plain Carbon. 

Free Cutting, (Screw Stock). 

Free Cutting, Manganese. 

High Manganese. 

Nickel Steels. 

0.50 Per Cent Nickel.... 

1.50 Per Cent Nickel. 

3.50 Per Cent Nickel. 

5.00 Per Cent Nickel.*. 

Nickel Chromium Steels. 

1.25 Per Cent Nickel, 0.60 Per Cent Chromium. 
1.75 Per Cent Nickel, 1.00 Per Cent Chromium. 

3.50 Per Cent Nickel, 1.50 Per Cent Chromium. 
3.00 Per Cent Nickel, 0.80 Per Cent Chromium. 

Corrosion and Heat Resisting Steels. 

Molybdenum Steels.-. 

Chromium. . ; . 

Chromium Nickel... 

Nickel. 

Chromium Steels...... 

Low Chromium.. 

Medium Chromium. . 

Corrosion and Heat Resisting. 

Chromium Vanadium Steels... 

Tungsten Steels. 

Silicon Manganese Steels.. 


.. lxxx 
. .10xx 
. .llxx 
X13xx 
T13xx 
. .2xxx 
.. 20xx 
. .21xx 
.. 23xx 
. .25xx 
.. 3xxx 
. .3lxx 
..32xx 
..33xx 
.. 34xx 
..30xxx 
..4xxx 
.,41xx 
..43xx 

. ,46xx and 48xx 
.,5xxx 
..51xx 
,.52xxx 
..5lxxx 
..6xxx 

. .lxxx and txxxx 
..9xxx 


Source: Brown cfe Sharpe Mfg. Co. 
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TABLE XLI 

Random Numbers III* 


22 17 68 65 84 
19 36 27 59 46 
16 77 23 02 77 
78 43 76 71 61 
03 28 28 26 08 

93 22 53 64 39 
78 76 58 54 74 

23 68 35 26 00 
15 39 25 70 99 
58 71 96 30 24 

57 35 27 33 72 
48 50 86 54 48 
61 96 48 95 03 
36 93 89 41 26 
18 87 00 42 31 

88 56 53 27 59 
09 72 95 84 29 
12 96 88 17 31 
85 94 57 24 16 
38 64 43 59 98 

53 44 09 42 72 
40 76 66 26 84 
02 17 79 18 05 
95 17 82 06 53 
35 76 22 42 92 

26 29 13 56 41 
77 80 20 75 82 
46 40 66 44 52 
37 56 08 18 09 
61 65 61 68 66 

93 43 69 64 07 
21 96 60 12 99 
95 20 47 97 97 

97 86 21 78 73 
69 92 06 34 13 

04 31 17 21 56 
61 06 98 03 91 
85 93 85 86 88 

21 74 32 47 45 
15 69 53 82 80 

02 89 08 04 49 
87 18 15 8-9 79 

98 83 71 94 22 
10 08 58 21 66 
47 90 56 10 08 

22 85 61 68 90 
67 80 43 79 33 
27 62 50 96 72 
33 78 80 87 15 
13 13 92 66 99 


68 95 23 92 35 
13 79 93 37 55 
09 61 87 25 21 
20 44 90 32 64 
73 37 32 04 05 

07 10 63 76 35 

92 38 70 96 92 
99 53 93 61 28 

93 86 52 77 65 
18 46 23 34 27 

24 53 63 94 09 
22 06 34 72 52 
07 16 39 33 66 
29 70 83 63 51 
57 90 12 02 07 

33 35 72 67 47 
49 41 31 06 70 
65 19 69 02 83 
92 09 84 38 76 
98 77 87 68 07 

00 41 86 79 79 
57 99 99 90 37 
12 59 52 57 02 
31 51 10 96 46 
96 11 83 44 80 

85 47 04 66 08 
72 82 32 99 90 
91 36 74 43 53 
77 53 84 46 47 
37 27 47 39 19 

34 18 04 52 35 
11 20 99 45 18 
27 37 83 28 71 
10 65 81 92 59 
59 71 74 17 32 

33 73 99 19 87 

87 14 77 43 96 

72 87 08 62 40 

73 96 07 94 52 
79 96 23 53 10 

20 21 14 68 86 
85 43 01 72 73 
59 97 50 99 52 
72 68 49 29 31 

88 02 84 27 83 

49 64 92 85 44 
12 83 11 41 16 
79 44 61 40 15 
38 30 06 38 21 
47 24 49 57 74 


87 02 22 57 51 
39 77 32 77 09 
28 06 24 25 93 

97 67 63 99 61 
69 30 16 09 05 

87 03 04 79 88 
52 06 79 79 45 
52 70 05 48 34 
15 33 59 05 28 
85 13 99 24 44 

41 10 76 47 91 
82 21 15 65 20 

98 56 10 56 79, 

99 74 20 52 36 
23 47 37 17 31 

77 34 55 45 70 

42 38 06 45 18 
60 75 86 90 68 
22 00 27 69 85 

91 51 67 62 44 

68 47 22 00 20 
36 63 32 08 58 
22 07 90 47 03 

92 06 88 07 77 
34 68 35 48 77 

34 72 57 59 13 
63 95 73 76 63 

30 82 13 54 00 

31 91 18 95 58 
84 .83 70 07 48 

56 27 09 24 86 
48 13 93 55 34 
00 06 41 41 74 
58 76 17 14 97 
27 55 10 24 19 

26 72 39 27 67 
43 00 65 98 50 
16 06 10 89 20 
09 65 90 77 47 
65 39 07 16 29 

87 63 93 95 17 
08 61 74 51 69 
08 52 85 08 40 
89 85 84 46 06 
42 29 72 23 19 

16 40 12 89 88 
25 58 19 68 70 
14 53 40 65 39 
14 47 47 07 26 
32 25 43 62 17 


61 09 43 95 06 
85 52 05 30 62 
16 71 13 59 78 
46 38 03 93 22 
88 69 58 28 99 

08 13 13 85 51 
82 63 18 27 44 
56 65 05 61 86 
22 87 26 07 47 
49 18 09 79 49 

44 04 95 49 66 
33 29 94 71 11 
77 21 30 27 12 
87 09 41 15 09 
54 08 01 88 63 

08 18 27 38 90 
64 84 73 31 65 
24 64 19 35 51 
29 81 94 78 70 
40 98 05 93 78 

35 55 31 51 51 
37 40 13 68 97 
28 14 11 30 79 
56 11 50 81 69 
33 42 40 90 60 

82 43 80 46 15 
89 73 44 99 05 
78 45 63 98 35 

24 16 74 11 53 
53 21 40 06 71 

61 85 53 83 45 
18 37 79 49 90 
45 89 09 39 84 
04 76 62 16 17 
23 71 82 13 74 

53 77 57 68 93 
45 60 33 01 07 
23 21 34 74 97 

25 76 16 19 33 
45 33 02 43 70 

11 29 01 95 80 
89 74 39 82 15 
87 80 61 65 31 
59 73 19 85 23 
66 56 45 65 79 

50 14 49 81 06 
77 02 54 00 52 
27 31 58 50 28 
54 96 87 53 32 
10 97 11 69 84 


58 24 82 03 47 
47 83 51 62 74 
23 05 47 47 25 
69 81 21 99 21 
35 07 44 75 47 

55 34 57 72 69 
69 66 92 19 09 
90 92 10 70 80 

86 96 98 29 06 
74 16 32 23 02 

39 60 04 59 81 

15 91 29 12 03 
90 49 22 23 62 
98 60 16 03 03 

39 41 88 92 10 

16 95 86 70 75 
52 53 37 97 15 

56 61 87 39 12 
21 94 47 90 12 
23 32 65 41 18 

00 83 63 22 55 

87 64 81 07 83 
20 69 22 40 98 

40 23 72 51 39 
73 96 53 97 86 

38 26 61 70 04 
48 67 26 43 18 
55 03 36 67 68 
44 10 13 85 57 
95 06 79 88 54 

19 90 70 99 00 
65 97 38 20 46 
51 67 11 52 49 
17 95 70 45 80 
63 52 52 01 41 

60 61 97 22 61 

98 99 46 50 47 
76 38 03 29 63 
53 05 70 53 30 
02 87 40 41 45 

35 14 97 35 33 
94 51 33 41 67 
91 51 80 32 44 
65 09 29 75 63 

20 71 53 20 25 

01 82 77 45 12 
53 43 37 15 26 
11 39 03 34 25 
40 36 40 96 76 

99 63 22 32 98 


At "RnvH. Ltd.'). 



TABLE XLI ( Continued ) 

Random Numbers IV* 


10 27 53 96 23 
28 41 50 61 88 
34 21 42 57 02 
61 81 77 23 23 
61 15 18 13 54 

91 76 21 64 64 
00 97 79 08 06 

36 46 18 34 94 
88 98 99 60 50 
04 37 59 87 21 

63 62 06 34 41 
78 47 23 53 90 
87 68 62 15 43 
47 60 92 10 77 
56 88 87 59 41 

02 57 45 86 67 
31 54 14 13 17 
28 50 16 43 36 
63 29 62 66 50 
45 65 58 26 51 

39 65 36 63 70 
73 71 98 16 04 
72 20 56 20 11 
75 17 26 99 76 

37 48 60 82 29 

68 08 02 80 72 
14 23 98 61 67 
49 08 96 21 44 
78 37 06 08 43 
37 21 34 17 68 

14 29 09 34 04 

58 43 28 06 36 
10 43 67 29 70 
44 38 88 39 54 

90 69 59 19 51 

41 47 10 25 62 

91 94 14 63 19 
80 06 54 18 66 
67 72 77 63 48 

59 40 24 13 27 

05 90 35 89 95 
44 43 80 69 98 
61 81 31 96 82 

42 88 07 10 05 

77 94 30 05 39 

78 83 19 76 16 
87 76 59 61 81 
91 43 05 96 47 
84 97 77 72 73 
87 41 60 76 83 


71 50 54 36 23 

64 85 27 20 18 
59 19 18 97 48 

82 82 11 54 08 
16 86 20 26 88 

44 91 13 32 97 
37 30 28 59 85 

75 20 80 27 77 

65 95 79 42 94 
05 02 03 24 17 

94 21 78 55 09 
34 41 92 45 71 
53 14 36 59 25 

88 59 53 11 52 
65 28 04 67 53 

73 43 07 34 48 

48 62 11 90 60 

28 97 85 58 99 
02 63 45 52 38 

76 96 59 38 72 

77 45 85 50 51 

29 18 94 51 23 

72 65 71 08 86 

89 37 20 70 01 
81 30 15 39 14 

83 71 46 30 49 
70 52 85 01 50 
25 27 99 41 28 
63 61 62 42 29 
68 96 83 23 56 

87 83 07 55 07 

49 52 83 51 14 
80 62 80 03 42 
86 97 37 44 22 
85 39 52 85 13 

97 05 31 03 61 
75 89 11 47 11 
09 18 94 06 19 

84 08 31 55 58 
79 26 88 86 30 

01 61 16 96 94 
46 68 05 14 82 
00 57 25 60 59 
24 98 65 63 21 
28 10 99 00 27 

94 11 68 84 26 

43 63 64 61 61 
55 78 99 95 24 
09 62 06 65 72 

44 88 96 07 80 


54 31 04 82 98 
83 36 3.6 05 56 
80 30 03 30 98 
53 28 70 58 96 
90 74 80 55 09 

75 31 62 66 54 

53 56 68 53 40 

78 91 69 16 00 
93 62 40 89 96 

47 97 81 56 51 

72 76 45 16 94 
09 23 70 70 07 

54 47 33 70 15 

66 25 69 07 04 
95 79 88 37 31 

44 26 87 93 29 
68 12 93 64 28 

67 22 52 76 23 
67 63 47 54 75 

86 57 45 71 46 

74 13 39 35 22 

76 51 94 84 86 

79 57 95 13 91 

77 31 61 95 46 

48 38 75 93 29 

89 17 95 88 29 
01 84 02 78 43 
07 41 08 34 66 
39 68 95 10 96 
32 84 60 15 31 

76 58 30 83 64 
47 56 91 29 34 
10 80 21 38 84 
00 95 01 31 76 
07 28 37 07 61 

20 26 36 31 62 
31 56 34 19 09 
98 40 07 17 81 
24 33 45 77 58 
01 31 60 10 39 

50 78 13 69 36 

90 78 50 05 62 

46 72 60 18 77 

47 21 61 88 32 
12 73 73 99 12 

23 54 20 86 85 
65 76 36 95 90 
37 55 85 78 78 

87 12 49 03 60 
83 05 83 38 96 


04 14 12 15 09 
39 71 65 09 62 
05 24 67 70 07 
44 07 39 55 43 
14 53 90 51 17 

84 80 32 75 77 
01 74 39 59 73 
08 43 18 73 68 

43 56 47 71 66 
92 34 86 01 82 

29 95 81 83 83 
12 38 92 79 43 
59 24 48 40 35 
48 68 64 71 06 
50 41 06 94 76 

77 09 61 67 84 
46 24 79 16 76 
24 70 36 54 64 
83 24 78 43 20 

44 67 76 14 55 

30 53 36 02 95 
79 93 96 38 63 
97 48 72 66 48 

26 97 05 73 51 
06 87 37 78 48 

02 39 56 03 46 

10 62 98 19 41 
19 42 74 39 91 
09 24 23 00 62 
44° 73 67 34 77 

87 29 25 58 84 
05 87 31 06 95 
90 56 35 03 09 
17'16 29 56 63 

11 16 36 2t 03 

68 69 86 95 44 

79 57 92 36 59 

22 45 44 84 11 

80 45 67 93 82 
53 58 47 70 93 

37 68 53 37 31 
77 79 13 57 44 
55 66 12 62 11 

27 80 30 21 60 
49 99 57 94 82 

23 86 66 99 07 
18 48 27 45 68 
01 48 41 19 10 
41 15 20 76 27 
73 70 66 81 90 


26 78 25 47 47 
94 76 62 11 89 
84 97 50 87 46 
42 34 43 39 28 

52 01 63 01 59 

56 08 25 70 29 
30 19 99 85 48 
67 69 61 34 25 
46 76 29 67 02 

55 51 33 12 91 

79 88 01 97 30 
14 85 11 47 23 
50 03 42 99 36 
61 65 70 22 12 
81 83 17 1(5 33 

06 69 44 77 75 
14 60 25 51 01 
59 28 61 71 96 
92 63 13 47 48 

44 88 01 62 12 

49 34 88 73 61 
08 58 25 58 94 
09 71 17 24 89 

53 33 18 72 87 

45 56 00 84 47 

97 74 06 56 17 
18 83 99 47 99 
41 96 53 78 72 

56 12 80 73 16 
91 15 79 74 58 

86 50 60 00 25 
12 45 57 09 09 
43 12 74 49 14 
38 78 94 49 81 
78 86 72 04 95 

84 95 48 46 45 
14 93 87 81 40 
24 62 20 42 31 
75 70 16 08 24 

85 81 56 39 38 

71 26 35 03 71 
59 60 10 39 66 
08 99 55 64 57 
10 92 35 36 12 
96 88 57 17 91 

36 37 34 92 09 
27 23 65 30 72 
35 19 54 07 73 

50 47 02 29 16 
30 Sa 10 48 59 


* Table XLI is reprinted with permission from Random Numbers III and IV of Table XXXIII of 
R. A. Fisher and F. Yates, Statistical Tables for Biological, Agricultural and Medical Research (Edinburgh- 
Oliver & Boyd, Ltd.). ’ 
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A. C. Spark Plug Division of General 
Motors, 265-69, 418 
Abnormal time, 271, 459 
Accuracy, importance of 
formula work, 348 
time study work, 278 
Actual time, 459 

Adjustment factor in developing for¬ 
mulae, 360 

Alignment charts, 239, 267, 358, 380, 


392 

Allowances 

application of, 269-70, 299-302, 
avoidable delay, 307 
clean work station, 307-8 
computation of, 299-310 
definition, 459 
extra, 307 
fatigue, 302-6 
oil machine, 307-8 
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personal, 302 
purpose of, 299-300 
table for, 310 

unavoidable delay, 306-7 
work sampling for determining, 381-84 
Allowed time, 459 

American Institute of Industrial Engi¬ 
neers, 11 

American Management Association, 10 
American Material Handling Society, 92 
American Society of Mechanical Engi¬ 


neers 

plant layout model standards, 100 
plant layout template standards, 100 
process chart standards, 16, 24 
Analysis 

design, 47-55 
film,178-92 
material, 28-70 
material handling, 91-97 
motion, 105-8, 129-61 
operation, questions for, 43-47 
plant layout, 97-105 
process of manufacture, 71-77 
setup and tools, 77-85 
tolerances and specifications, 55-58 
working conditions, 85-91 
Analytical ability required of time study 
analyst, 226-27 


Approach to the operator, 246 
Areas of the normal curve, 470 
Assemble 

definition, 135, 459 
example, 135 
symbol, 130 

Automation, 398-99, 459 
Auto-starter, 109-10 
Average elemental time, 459 
Average hourly earnings, 459 
Average method of selecting time, 271 
Average performance, 224-25, 269, 275- 
76 

Avoidable delay 
allowance for, 307 
definition, 136, 459 
example, 136 
symbol, 130 

B 

Babbage, Charles, 6 
Balance fatigue, 138 
Balancing delay, 124, 459 
Balancing working force, 410-12 
Barnes, R. M., 136, 194 
Barth, C. G., 9 
Base time, 459 
Base wage rate, 459-60 
Basic divisions of accomplishment, 124 
Basic Motion Time Study 
application technique, 209 
motions, 205-6 
values, 207 

Basic motion times, 193-211 

Bausch & Lomb Co., 86 

Bedaux plan, 428, 460 

Bench-mark elements, 287, 289, 292 

Binomial theorem, 377, 465 

Black and white film, 447 

Blanking dies, 84 

Blue ticket time, 447 

Board, observation, 238 

Bonus earnings, 460 

Breaking operation into elements, 250-52 
Budgetary control, 417 
Buffing wheels, 89 

C 

Camera, motion-picture, 166-69 
Carbide tooling 
dies, 84-85 
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Carbide tooling— Cont. 
drills, 83-84 
fly cutters, 83 
Card dealing, rating, 276 
Carroll, Phil, 322 

Castings, good and poor design, 50-51 

Centerless grind, 57 

Chair for operator, 145-57 

Change direction, 460 

Change, resistance to, 36 

Charts 

alignment, 358, 380, 392 
control, 393-95 
flow process, 24-33 
gang, 119-23 

man and machine process, 113-19 
operation process, 16-25 
operator process, 123-27 
simo, 184-87 
Check list, 38-41 
Check, over-all time, 270 
Checking, formula, 362-63 
Chronocycle graphic studies, 190-92, 460 
Chronograph, 460 
C.I.O., 9-10 

Circle circumference and area, 465 
Clamps, quick-acting, 85, 342 
Classification of motions, 137, 140-41 
Classification method of job evaluation 
217-18 

Clean work station allowance, 307-8 
Cleanliness, 88 
Coining, 46 

Collecting data for standard data, 324 
Color, use of, 148 
Colored film, 170 
Colvin, F. H., 78 
Combination cuts, 149-51 
Combination motions, 209 
Comparative weight of steel and brass 
bars, 476 

Comparison of various methods, 409 
Compensation of labor, 420-37 
Computation of allowances, 299-311 
Computation of standard, 270-72 
Conditions 

improvement of, 85-91, 147-49 
recording of, 248-49 
table of values for rating, 282 
working, 85-91, 147-49 
Conference of Scientific Management, 10 
Consistency in performance rating, 278 
Consistency table of values for rating, 
283 

Constant elements, 251, 322, 460 
Continuous method of observation, 255- 
59, 460 

Control charts, 392, 96 
Controlled time, 460 
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Controlling cost of labor, 414-15 
Conversion factor, 312 
Cooke, Morris L., 9-10 
Cooper, Lynell, 110 
Corollaries to laws of motion economy 
162-63 7 

Correct chair, 145-47 
Cost 

factory, 215-223 
relation to 
tolerances, 55-56 
volume, 35, 36 

Council of Profit Sharing Industries, 431 
Creativity, developing, 457 
Crew-balance, 401 
Curved motions, 140 
Curves 

definition, 460 
ellipse, 353 
hyperbola, 352-353 
normal, 263, 373, 390, 443 
parabola, 353-54 
plotting, 335-36 
straight line, 336-38, 352, 355 
Customer service, improved with stand¬ 
ards, 418 
Cutting speeds 
drilling, 326 
milling, 329, 333 
turning, 328-31 
Cutting times, 325-34 
Cycle, definition, 460 
Cycle graphic studies, 190-92, 460 
Cycle time allowances, 300 
Cycles 

number to observe for stop watch 
study, 261-69 

number to observe for work sampling 
378-79 

D 

Data 

collecting for formulas, 348-49 
standard, 321, 339, 340, 342 
Daywork, 460 
Decimal-equivalents, 471 
Decimal hour watch, 234-35, 460 
Decimal minute watch, 233-34, 460 
Decision-making methods, 438 
Delay, 460 
Delay allowances 
avoidable, 307 
fatigue, 302-6 
personal, 302 
unavoidable, 306-7 
Design considerations 
assemblies, 49 
castings, 48 
fabricated parts, 48 
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Design considerations— Cont. 
formed parts, 48 
machined parts, 48-49 
molded parts, 48 
punchings, 48 
screw machine parts, 49 
treatments and finishes, 49 
welded parts, 49 

Design, ways of improving, 47-55 
Determination of labor standards, 220-22 
Differential piecework, 424-25, 460 
Dimensional Motion Times, 210 
Dimensions, human, 146-49 
Direct financial plans, 420-21 
Direct labor, 460 
Disassemble 

definition, 135, 460 
example, 135 
symbol, 130 

Dividing operation into elements, 250-54 
Drill 

calculation of drill lead, 326-27 
deep hole drilling, 83-84 
drill feeds, 326 
drill press standard data, 342 
drill speeds, 326 
Drop delivery, 460 
Dust removal, 88-89 
Dusts, 88-89 

E 

Each piece time, 313 
Earnings curve, 423, 425, 427, 429 
Eastman Kodak Co., 166, 167, 168, 169 
Editor, splicer and reminder, 174-75 
Education of time study man, 226-28; 

see also Training 
Effective utilization, 225 
Efficient layout of available space, 409 
Effort 

classifications, 282 
definition, 281, 460 
rating of, 282 

Effort time allowances, 300, 460 
Elapsed times 
abnormal, 271 
average, 271 
definition, 460 
summary of, 270-72 
Elemental rating, 269, 272 
Elements 

analyzing for formula construction, 
349-52 

breaking job into, 250-54 
definition, 460 
foreign, 260-61 
missed by observer, 260-61 
number to study, 261-69 


Elements— Cont . 

omitted by operator, 260-61 
performed out of order, 260-61 
Ellipse, 353 

Emerson, Harrington, 8 
Emerson wage payment plan, 430-31 
Engstrom, Harold, 194 
Equipment, micromotion, 165-76 
Equipment, time study, 232-43 
Errors in time values, 270 
Estimating labor standards, 221-22 
Exhaust pipe diameters, 89 
Exposure meter, 170-71 
Expression, final standard, 313 
Expression, formula, 362-63 
External time, 460 
Extra allowance, 307 

F 

Factor comparison method of job evalua¬ 
tion, 217-18 
Factor, leveling, 280-84 
Factory cost, determination of, 215-16 
Fair day’s work, 224-25, 460-61 
Fatigue 

allowances, 302-6, 461 
definition, 303, 461 
factors affecting, 303 
measuring, 304-5 
reduction of, 136, 306 
rest to overcome, 136, 306 
Feed, 461 

Feet, work done by, 141 
Film 

analysis equipment, 165-76 
black and white, 170 
color, 170 
costs of, 143 
size of, 166 
storage of, 166 
Finger motions, 140 
Finger and wrist motions, 140-41 
Finger, wrist, and lower arm motions, 

141 

Finger, wrist, lower arm, and upper arm 
motions, 141 

Finger, wrist, lower arm, upper arm, and 
body motions, 141 
First aid, 91 
First piece time, 461 
Fixed locations for tools at workplace, 
141-43 

Fixture and jig design, 78-81 
Flood lights, 172 
Floor plan, 104-5 
Flow diagram, 30-33, 461 
Flow process chart 
construction of, 25-27 
definition, 24, 461 
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Flow process chart— Cont, 
symbols, 24 
uses of, 27-30 

Fogs, classification of, 88-89 
Foot-operated mechanisms, 141-42 
Forearm motions, 141 
Foreign elements, 260-61, 461 
Forgings, good and poor design details, 
50-51 

Forming standard times, 335-36 
Forms 

check list, 38-41 
lost time analysis, 301 
process chart 
flow, 27-28 
gang, 122-23 
man and machine, 115-19 
operation, 21 
operator, 125 
simo chart, 183-84 
time study, 240-41 
work sampling, 386 
Formula 

advantages of, 347 
analysis, 364-65 
application of, 346 
characteristics of, 347 
check for accuracy, 362-63 
computing expression, 362 
construction of, 348-49 
definition, 347-48 
developing synthesis, 361-62 
elements of, 363-66 
example of making cores, 366-74 
master table of detail time studies, 
349-51 
number, 363 
procedure, 348-49 
report, 363 
Frame, 461 
Frame counter, 461 
Frame-by-frame analysis, 181-84 
Fringe benefits, 300, 461 
Frustrum of right circular cone, volume, 
and lateral surface, 466 

G 

Gain sharing, 420-21, 461 
Gang process chart 

construction of, 120-21 
definition, 120 
uses of, 120-23 
Gantt chart, 461 
Gantt memorial medal, 10 
Gases, 88-89 

General Electric Company, 48-49, 262 
Get, 461 

Gilbreth, Lillian M. and Frank B., 9, 
15, 124, 129-30, 174 


Grade description plan of job evaluation, 
217-18 
Grasp 

definition, 131, 461 
examples, 131 
symbol, 130 
types, 201 
Gravity chutes, 143 
Group incentive plans, 420-21 
Guards, 89 

H 

Halsey incentive plan, 426-28 
Hand motions, 138, 140, 200, 206 
Hand tools, 138 
Hand wheels, design, 138, 150 
Handling materials, 91-97 
Hass, L. L., 78 

Height of chair at work station, 146-47 
Hold 

definition, 133 
examples, 133 
symbol, 130 
Holmes, W. G., 193 
Horizontal plane of work area, 143-45 
Horsepower requirements, 334-35, 478- 
79 

Hourly production table, 472-73 
Housekeeping, good, 88 
Human dimensions, 146-49 
Humane approach in methods and time 
study, 11-12 
Hummel, J. O. P., 290 
Hyperbolic relationship, 352-53 

I 

Illumination, proper, 86, 147-49 
Incentive wages, 420-37 
Independent variable, 335 
Indirect financial plans, 421 
Indirect labor standards 
advantages, 406 

established by work sampling, 384-89 
maintenance standards, 400-402 
material handling standards, 400-402 
office work, 402-3 
supervisory standards, 403-5 
toolroom standards, 400-402 
Individual differences in performance, 
277-78 

Individual incentive plans, 420-21 
Industrial Engineering, 1, 452 
Industrial Management Society, 13 
Information on time study form, 247-49 
Infrared drying, 76 
Inspect 

definition, 134 
example, 135 
symbol, 130 
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Inspection 
lot-by-lot, 56 
spot, 56 
statistical, 56 
Instruction sheet, 187 
Interference time, 401 
International Association of Machinists 
441 

J 

Jig and fixture design, 78-81 
Job analysis, 216-17, 461 
Job classification, 217 
Job evaluation 

classification method, 217-18 
definition, 4, 461 

factor comparison method, 217-18 
grade description plan, 217-18 
point system, 217-21 
ranking method, 219 
Judgment in performance rating, 275 
294 

K 

Kimball, Dexter, 1 
Knee motions, 202, 207 

L 

Labor 

cost of, 215-16 
measurement of, 220-22 
Laboratory, motion study, 163 
Lathe, turret controls, 150-51 
Lathe work 

determination of cutting times, 328-29 
feeds, 330-31 
setup standard data, 340 
speeds, 330-31 
Law of cosines, 466 
Law of sines, 466 
Laws of motion economy, 138-52 
corollaries, 162-63 
Layout, plant, 97-103 
Layout work station, 139, 143-44 
Least squares method, 337 
Left- and right-hand chart, 125 
Lens, motion-picture camera, 167-69 
Leveling, 280-84, 461 
Light meter, 170-71 
Lighting, sufficient, 86, 147-49 
Lincoln, James F., 435 
Logarithm formulas, 465 
Logarithmic paper, 354-57 
Loose rate, 461 
Lowry, Stewart M., 124, 280 

M 

Machine attention time, 461 
Machine cycle time, 462 


Machine time allowances, 300, 308 
Machine time recording, 256 
Machine utilization, 384 
Maintenance of standards, 316-19 
Maintenance standards, 400-402 
Man and machine process charts 
construction of, 114-17 
definition of, 113 
uses of, 117-19 

Management problems facilitated 
through standards, 417 
Marsto-chron, 236, 462 
Master table of time studies, 349-51 
Material 

analysis of prior to taking time study 
246-47 
costs, 59-60 

improvement possibilities, 58-69 
salvage materials, 66-68 
Material handling 
definition, 91 
equipment, 93-94 
pallets, 95 
principles, 96-97 
standards, 400-402 
Maximum and normal working area 
144-45 

Maynard, H. B., 124, 280 
Measured daywork, 425-26, 462 
Mechanical advantage, designing for, 150 
Mechanizing manual work, 73-75 
Memomotion study, 190-91, 462 
Merit rating, 402 

Merrick, Dwight V., multiple piece rate 
plan, 425, 462 

Method of least squares, 337 
Methods engineering, 3-4 
Methods Engineering Council, 37 
Methods improvement 
using micromotion study, 184-88 
using operation analysis, 37-43 
Methods Time Measurement, 198-207 
Microchronometer, 174, 462 
Micromotion study 
analysis, 181-84 
camera, 166-69, 237 
cost, 162 
definition, 462 
equipment, 165-76 
film, 170 
floodlights, 172 
light meter, 170-71 
microchronometer, 174 
optical screen, 175 
preparing for, 163-65 
projection equipment, 173-74 
splicer, 174 
training aid, 165 
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Micromotion study— Cont. 
tripod, 171 
viewer, 174 

Military Establishment Appropriation 
Act, 8-9 

Millimeter equivalents, 471 
Milling machine work 

calculation of cutter lead, 332-34 
calculation of cutting time, 332-34 
feeds, 333 
speeds, 333 
Modal time, 462 
Models, plant layout, 102 
Momentum, 139-40 
Morrow, R. L., 286, 376 
Motion analysis in planning, 153-61 
Motion classes, 140-41 
Motion economy principles, 105-8 
corollaries, 162-63 
Motion picture 
equipment 

camera, 166-69 
cost, 162 
floodlights, 172 
light meter, 170-71 
microchronometer, 174 
optical screen, 175 
projector, 173-74 
splicer and viewer, 174 
tripod, 171 
film 

analysis, 178-92 
size, 166 

procedure for analysis, 181-84 
Motion and time study office, 454-56 
Motions 

ankle, 200, 207 
body, 200, 207 
finger, 140, 197, 200, 207 
forearm, 140-41, 197, 200, 207 
knee, 200, 207 
leg, 200, 207 
shoulder, 200, 207 
wrist, 140, 197, 200, 207 
Motion Study 

applied to planning, 153-56 
classes of motion, 140-41 
definition, 129 
development of, 129-30 
fundamental motions, 129-36 
laws of motion economy, 138-52 
micromotion technique, 181-84 
principles of motion economy, 137-38 
visual technique, 129-61 
Motion-Time Analysis, 210 
Move 

definition, 132 
examples, 132 
symbol for, 130 


Moving pictures 
analyzing, 181-84 
preparing for, 178 
taking of, 178-81 
Multiple cuts, 149-51 
Mundel, M. E., 190, 289 
Murray, Phillip, 9, 441 

N 

National Electrical Manufacturers As¬ 
sociation, 220 

National Metal Trades Association, 442 
Natural trigometric functions, 468 
Nomograms 

control limits, 392 
cutting time, 358 
random observations, 380 
synthetic leveling, 239 
Nonfinancial incentives, 421-22 
Nonsymmetrical motions, 139 
Normal curve, 263, 373, 390, 443 
Normal distribution, 277 
Normal pace, 225, 276 
Normal time, 225, 269, 275 
Normal working area, 143-45 
Number of observations to be studied 
General Electric method, 262 
nomogram for, 267 
statistical determination, 263-65 
Westinghouse method, 262 

O 

Objective rating, 289-90 
Observation board, 238 
Observation number 

to be studied for time study, 262-67 
to be studied for work sampling, 
378-79 

Observation sheet, 238-41 
Observer’s position, 249 
Office work 

establishing standards, 402-3 
improvement of, 110-11, 402 
Oil machine allowance, 307-8 
Operation, purpose of, 43-47 
Operation analysis 
approach, 36-37, 42 
definition, 35 
procedure, 37-43 
scope, 35-36 

Operation analysis program, 3-4 
Operation card, 314 
Operation process chart 
construction of, 16-20 
definition, 16 
symbols, 17 
uses of, 20-24 
Operator 

approach to, 246 
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Operator— Cont . 

choosing for micromotion study work, 
163 

choosing for time study work, 245-46 
performance, 269 
Operator process chart 
construction of, 124-26 
definition, 123 
uses of, 126-27 

Opportunities for methods and time 
study personnel, 1-3 
Optical screen, 175 
Organization chart, 2 
Organizations engaged in promotion of 
' motion and time study 
American Institute of Industrial Engi¬ 
neers, 11 

American Management Association, 10 
Conference of Scientific Management, 
10 

Society for the Advancement of Man¬ 
agement, 10, 130 
Society of Industrial Engineers, 10 
Society to Promote the Science of 
Management, 10 
Over-all rating, 271-72 
Overrides, 444 

P 

Pace, normal concept of, 225, 276 
Parabola, 353-54 
Partial setups, 317 

Past records for determination of stand¬ 
ards, 222 

Payment, wage plans, 420-37 
Performance rating 

alignment chart to assist, 239 
analysis of, 291-94 
characteristics of a sound rating sys¬ 
tem, 278-79 

concept of normal, 225, 276 
definition, 275 
objective rating, 289-90 
speed rating, 288-89 
training for, 295-98 
uses and effects, 277-78 
Westinghouse system, 280-86 
Personal allowances, 302 
Personal protective equipment, 89-91 
Personnel work improved through time 
study, 417 
Piece rate, 272 
Piecework, 422-23 
Pipe exhaust diameters, 89 
Pipe vise jaw analysis, 157-61 
Plan 

definition, 136 
example, 136 
symbol, 130 


Planning, improvement of, 81-82 
Plant capacity, determined by time 
study, 409 
Plant layout 

making the layout, 99-100 
models, 102-3 

process arrangements, 98-99 
product arrangements, 98-99 
templates, 100-102 
Plant method training, 453-56 
Plant-wide incentive plans, 13 
Plotting curves, 335-38 
Point system of job evaluation, 217-21 
Position 

definition, 133-34 
examples of, 133-34 
symbols, 130 
Presgrave, Ralph, 203 
Primary approaches to operation analysis, 
42, 108-10 

Principles of motion economy, 105-8, 
136-38 

Prism, volume, 465 
Process charts 
definition, 15 
flow, 24-30 
gang, 119-23 
man and machine, 113-19 
operation, 16-24 
operator, 123-27 
symbols, 17, 24 
Process layout, 98-99 
Process of manufacture, 71-77 
Procter and Gamble Co., 65 
Product layouts, 98-99 
Production control, 81-82, 413-14 
Production department activities, 2 
Production function, 1 
Production operation card, 314 
Production table, 473-74 
Profit sharing 
cash plans, 432 
combined plans, 432-33 
criteria for success, 433-34 
deferred plans, 432 

methods of distribution of profits, 432- 
33 

Projection equipment, 173-74 
Projection welding, 52-53 
Projector, 173-74 
Punch press standard data, 336 
Purchasing new equipment facilitated by 
time study, 410 
Purpose of operation, 43-47 
Pyramid volume, 465 

Q 

Quadratic formula, 465 

Qualification of time study man, 226-28 
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Qualified employee, 225 
Quality control, 55-58, 417 
Questioning attitude, 20, 30-42 
Questions, check list for operation analy¬ 
sis, 38-41, 69-70, 78-80 
Quick-acting clamps, 85, 342 

R 

Ranking method of job evaluation, 219 
Rating 

at the work station, 279 
performance of operator, 269, 275-94 
training for, 295-98 
Ratio-delay, 376, 464 
Reach 

definition, 132 
examples of, 132 
symbol, 130 
Readings, watch 
continuous, 258-59 
snapback, 255-58 

Recording significant information on time 
study, 248-49 
Reflectors, 172 

Regression line equations, 338 
Release 

definition, 133 
examples, 133 
symbol, 130 

Report, formula, 363-74 
Resistance to change, 36-37 
Resistance welding methods, 72 
projection welding, 52-53 
spot welding, 71-72 
Responsibility to time study 
foreman’s responsibility, 228-29 
observer’s responsibility, 226-28 
operator’s responsibility, 230 
union’s responsibility, 230 
Rest to overcome fatigue 
definition, 136 
example, 136 
symbol, 130 

Rewinder, splicer, and editor combina¬ 
tion, 174-75 

Rhythm in work, 143-49 
Right circular cone 
lateral surface, 466 
total surface, 466 
volume, 466 
Right circular cylinder 
lateral surface, 466 
total surface, 466 
volume, 466 

Right triangle computations, 466 
Right- and left-hand analysis, 124-27, 
153-59, 181-88 

Rolling sheet metal, formula for, 359-61 
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Roosevelt, Franklin D., 12 
Rowan incentive plan, 428-30 

S 

S.A.E. standard specifications for steels, 
477 

Salvage materials, 66-68 
Screwdriver power, 151-52 
Search 

definition, 130-31 
examples, 130-31 
symbol, 130 
Segur, A. B., 212 
Select 

definition, 131 
examples, 131 
symbol, 130 

Selection of factors for job evaluation, 
219-20 

Semilogarithmic paper, 354-56 
Setup 

definition, 314 

improving possibilities, 77-85 
partial, 317 
standards, 315-17 
Shaw, A. E., 262 
Shop management, 7 
Shutter in motion-picture camera, 169 
Simo chart, 183-87 
Simultaneous motions, 138 
Skill 

definition, 280 
table for rating, 281 
Slide rule, 242 
Slope, equation for, 337 
Snapback method of recording observa¬ 
tions, 255-58 

Society for the Advancement of Man¬ 
agement, 10-11, 130 
Society of Industrial Engineers, 10 
Society to Promote the Science of Man¬ 
agement, 10 

Specifications and tolerances, 55-58 
Speed indicator, 242-43 
Speed rating, 288-89 
Speeds and feeds 
drilling, 326 
milling, 333 
turning, 330-31 

Sphere surface and volume, 466 
Splicer, film, 174 

Standard costs through time study, 415- 
16 

Standard data 

blanking and piercing, 340 
cutting elements, 325-34 
definition, 321 
development of, 322-24 
drill press work, 326-28, 342 
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Standard data— -Cont. 
indirect labor, 405 
lathe work, 328-29 
milling machine work, 329-34 
plotting curves, 335-38 
simultaneous equations for deriving, 
324-25 

turret lathe, 340 
using, 338-44 

Standard hour plan, 423-24 
Standard time 

expressing, 313-14 
maintenance of, 317-19 
Stegemerten, G. J., 124-280 
Stocker, Harry E., 96 
Stop watch 

decimal hour, 234-35 
decimal minute (.01), 233-34 
decimal minute (.001), 234 
Storage of films, 176 
Straight-line equation, 335-38, 355, 357, 
369, 371-72 
Straight-line layouts, 99 
Straight-line motions, 140 
Straight piecework, 422-23 
Supervisory bonus, 417 
Supervisory standards, 403-5 
Supplies, full use of, 68 
Symbols 

flow process chart, 24 
operation process chart, 17 
plant layout models, 102-3 
plant layout templates, 100-102 
therbligs, 130 

Symmetrical motions, 138-39 
Synthesis of time study formula, 361, 

368 

Synthetic basic motion times 
application of, 211-12 
Basic Motion Time Study, 203-10 
definition of, 194 
Dimensional Motion Times, 210 
history of, 193-95 

Methods Time Measurement, 198-203 
Motion -Time Analysis, 210 
Work-Factor, 195-98 
Synthetic rating, 286-88 

T 

Taylor, Frederick W., 6-9, 321 
Taylor differential piece rate plan, 424- 
25 

Temperature, control of, 86, 147-49 
Templates for plant layouts, 101-3 
Temporary standards, 314-15 
Testing formula, 362-63 
Therbligs, 129-36 
Three-dimensional pictures, 164 
Time recording machines, 236-37 


Time study 

approach to operator, 246 
board, 238 
definition, 3-4 
elements of, 245-272 
equipment, 232 r -43 
foreman’s responsibility, 228-29 
forms, 238-41 
observer’s position, 249 
observer’s responsibility, 226-28 
operator’s responsibility, 230 
procedure, 245-72 

recording significant information, 248- 
49 

requirements, 225-26 
union’s responsibility, 229-30 
uses of, 408-19 
watch, 233-35 
Tippett, L. H. C., 376 
Tolerances and specifications, 55-58 
Tools, full use of, 68 
Tools and setup, 77-85 
Training 

for methods, standards, and wage pay¬ 
ment, 452-57 

with motion picture films, 165 
for performance rating, 295-98 
time study, 295-98, 452-57 
work sampling, 389-92 
Transport empty, 132 
Transport loaded, 132 
Triangulation for determining milling 
cutter lead, 332-34 
Trigonometrical functions, 468 
Tripod, 171 

U 

Unavoidable delay 
allowance for, 306-7 
definition, 136 
example, 136 
symbol, 130 

United States Steel Co., 436 
Universal indirect standards, 405-6 
Use 

definition, 135-36 
example, 135-36 
symbol, 130 
Uses of time standards 

basis for balancing working force with 
available work, 410-12 
basis for budgetary control, 417 
basis for purchasing new equipment, 
410 

basis for supervisory bonus, 417 
basis for wage incentive plans, 409 
computing various methods, 409 
determination of labor costs, 414-15 
determining plant capacity, 409 
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Uses of time standards— Cont. 
improving plant layout, 409 
improving production control, 413-14 
personnel standards are raised, 417 
problems of management are simpli¬ 
fied, 417 

quality standards are enforced, 417 
service to customer is bettered, 418 
standard cost methods, 415-16 
Using standard data, 338-44 

V 

Variable elements, 322, 352, 356, 464 
Ventilation, adequate, 87, 147-49 
Viewer, film, 174 

Visual requirements at work station, 148 

W 

Wage incentive plan 

administration of, 4, 446-49 
characteristics, 440-50 
design for, 442-45 
prerequisites for, 441-42 
principles, 449-50 
reasons for failure, 445-46 
Wage payment systems 
Bedaux plan, 428 
direct financial plans, 420-21 
Emerson plan, 430-31 
Halsey plan, 426-28 
indirect financial plans, 421 
measured daywork, 425-26 
Merrick multiple piece rate, 425 
piecework, 422-23 
profit sharing, 431-36 
Rowan plan, 428-30 
standard hour plan, 423-24 
Taylor differential piece rate, 424-25 


Warner and Swasey turret lathe stand¬ 
ard data, 340 
Watch 

decimal-minute, 233-34, 460 
decimal-hour, 234-35, 460 
Watertown arsenal, 8 
Weight, influence on time, 196, 198, 200, 
213 

Weight of brass and steel, 476 
Welding, standard data, 339 
Westinghouse Electric Corporation 
formula report, 363 

number of cycles to observe in taking 
the time study, 262 
operation analysis program, 42 
primary approaches to operation analy¬ 
sis, 3, 4 

rating system, 280-86 
Work-Factor, 195-98 
Work sampling 
advantages, 377 
definition, 376 

determining allowances, 381-84 
determining indirect labor standards, 
283-89 

determining machine utilization, 384 
frequency of observations, 379-81 
observations needed, 378-79 
selling work sampling, 389-92 
training for, 390-92 
use of control charts, 392-96 
Work simplification, 3 
Work station, 107-8, 139, 142-45 
Worker, approach to, for time study, 246 
Working conditions, 85-91, 147-49 
Working area 

maximum, 143-45 
normal, 143-45 

Workplace layout, 139, 143-44 
Wrist motion, 140, 197, 200, 207 
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